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§�i_bw�~np}��6g_khn{��}��6gL�dv�¨piJv��©�ehjJt_n4vd}�jJt%w�n{khnpjJv��dehjJt%t_n{b � ��ehvdvd}�vd�6g_npj¦ª<g_n{b6q�y�t_��jJehqs} � « �
w�~np}��6g_khn{��}��6gL�dv�¨piJv��©�ehjJt_nY�-n{b6t_npjUehiJ�6g¬eh��v��dg_n{b6q�y�t_��jJehqs}�vd�6g_no�8iJv��©�ehjJt_n��8n{¨{np}��6gJj_n{�{��yhc��¦j¢i_b � i_bd¨Yeh��v
�8iJv��©�ehjJt_nh�
�4ehjJj¦qsehj¥vd}~n�khnpjJehi_n{b��6gJe3b6e � ��n{b6}�vd}~n{bdnpj? ®{®{® ¯�e��JtJi_b6�6g

B�C�B °<±�V©`hS+R�O�V©²8S8ILT\S8³-Z\H R
¯hn4jJeh�6g´�ehi_µhn{bdnpj%¶-nptJ}�j_k�iJj_khnpj � ehjJj¦np}�j%·¢��v���npq;�hn{b6vd�6gJ}~npt_npj_n��\w�~np}��6g_khn{��}��6gL�dv7¸7�<�8iJv��©�ehjJt_n4ehjJj_npgJq�npj+�
¹}~npv�n=��ehvdv�npj¦vd}��6g¥tJi_b6�6g£�-npjJ}~khn=��npjJj_khb��yhµhnpj¥�6gJe3b6e � ��n{b6}�vd}~n{bdnpj+l
º¦»3¼�½�¾Y¿
b��ehiJqs��}��6g � y�jJv��dehjL�{� ehjJv�y�jJv���npj � iJv�k��~np}��6gJv��hyhbdk �ehj_khn=iJjJt¦tJehqs}~�4�fj_y��6g?� � np}�j�w�~np}��6g_khn{��}��6gL�{�
À4Á?Âf¼�ÃÅÄ�ÆUÇ
�ehi_µhn{bdn4È�e3b6}�e3� �~nh�JtJi_b6�6g¥t_npj¦¶-npg��eh�~��n{b��8npv��d}�qsq=�{�
É8Ê ÁJË-ÃÅÄ�Æ�Ì Ä

Í �8np}8np}�j_npq1wehv�}�v��<tJ}~n�ª�np}����6g_npj_¨pehgJ�+ÎÏnp}�j¦vd}�jJjL�hy����~npv¡Ð�e3µ_�
Í y�t_n{b�tJ}~n4Ð%y��~¨pehgJ��ÑÓÒUÎÓÔÕÎ¤Ö��
�-yÓÎ¤ÖYÒ¬×¢® Ø�ÙhÙ-®{®{®+Ú[Û{ØhÜ�Ý{q�y��fÞ « � �3e3k�eht_bdy3¸E��y�jJv��dehjL��nh�

Í y�t_n{b�qsehj¦�8n{��b6eh�6gL��n{�¤Û4q�y��+np}�j_npv�wehv�npv{�
iJjL��n{b�§�yhb6qseh�~�8nptJ}�j_k�iJj_khnpj�n{�E�ße�ÙhÙ3�à�J�E�¢  }�vd�6g_n4qse � bdy�v � yh  }�vd�6g_n=Ð%npj_khnh�

á Ä�ÃÅâ�Ä¢»�ã Ê ¼�»/ä
}�q�w�~np}��6g_khn{��}��6gL�<b��ehiJqs��}��6g � y�jJv��dehjL�{�?ehjJv�y�jJv���npj � iJv�k��~np}��6gJv��hyhbdk �ehj_khns®{®{®
ª�npq� 8n{b6e3�di_b�}�v��ßnp}�j¥¶ßehvd}�v��8n{khb6}æåYt_n{b<ª<g_n{b6q�y�t_��jJehqs} �
v�yÓiJj_khn{c��ehg_b¡�-np}~µç�npt_n{b6qsehj£�ßehv�tJehv<}�v��
}�qèc�y��~khnpjJt_npj¦��}~b6t£}�g_b<¶-n{khb6}æå+vd}�jJgJeh�~�ßvd�6g_b6}~���E�-np}�v�n4 Jb��e3¨p}�vd}~n{bd�
é��i_b�iJjJv�n{b<Ð%y�t_np����v���v���npq�wehv<bdnp}��6g_npj¥tJ}~npv�n�ê��8iJv��dehjJtJv��3e3b6}�e3� �~npj+�
¿�ë7äìvd}�jJt¦}�jL��npjJvd}~�hn=�8iJv��dehjJtJv��3e3b6}�e3� �~n l8ç�npt_npv<ª�np}���v���v���npq;gJe3�¤�f}�q1w�~np}��6g_khn{��}��6gL�Õ�-k��~np}��6g_n�mon{bd��nh�
ÇPëdÎívd}�jJt¥nïî���npjJvd}~�hn/�8iJv��dehjJtJv��3e3b6}�e3� �~n l�vd}~n¤vd}�jJt%tJ}~n�·�iJqsq�n=t_n{bmon{bd��n�eh���~n{bª�np}���v���v���npq�nh��ð7g_b4ñi_yh�d}~npjL�
Ç-ÔÕÎò}�v��¡np}�j_n�}�jL��npjJvd}~�hn¤w�b��yhµhnh�?}�j¦t_n{b<  g��ehj_y�q�npj_y��~yhk�}�vd�6g_npj¦ª<g_n{b6q�y�t_��jJehqs} � j¢i_��¨{��qsehj¦yhc���tJehv
Ð%y��~�hy���iJq�npj ó�ÒUÎ¤ÖÅÚ�Ç-ÔÕÎôÒõÇ-Ô3Ñ8�
�8iJv��©�ehjJt_ns��np}�j_npvwehv�npvÕ�ßqs}~�¡k��~np}��6g_npj¦mon{bd��npj¥cÕ�i_b�¿�ë�ó£iJjJt�äìvd}�jJt�k��~np}��6g+�8�8iJv��dehjJt?ÒNöP� ¿�ë�ó ë7ä��6�
§�iJj£n{�E�ßehv�q�npg_b<¨piJq÷¶-n{khb6}æåoª�npq� 8n{b6e3�di_bp�

ø\ùJú�ûÕü ý©þ�ÿ��������7ü ���
	���������������3ÿ��¡ü �����7ú���ü ���{þ\û�� �7ü ����û����ü ���{þ\ú����©ü �Pý����3ÿ�� ��� ��ü ����ÿ6ý���!��ü ���{þ#"
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EFHGJI�KMLONQPRKTS.URV�WHGXPRKMY[Z

\^](_` KMa,G[K>b _` U.URGXUcS.U5YdG[KTeMfTP.FHGXg.W�F�fTP�hiN1KTj�edGXF�Ulk
\^m KTF�URVQY�jnNQUJoQG[KTeMfTP.FHGXgRGXUphiN1KTj�G ](_` KMa,G[K�F�UJq _N1KTj�G[b ` U5YMN1brYMsBtQe `vu U.gRGXUJw�S.edVBWHGXF�fTP.eda.K `Qx GXeMedGyedYMN1YdY[tQz F�e
z,GXF�gRG|{ VBWHGXF�fTP}hiN1KTj~{ReMF�U.glk�I�KMVQG[z U.F�eiF�edYyGXF�U}q _N1KTj�G[VBWHGXF�fTPRVQG[h�F�fTP5Y � �;S.U.g��nb _` U.URGXU}g.N1z,GXF,g.SRKTfTP.NQS.e
oQG[KTeMfTP.FHGXgRGXUcedGXF�U@�Tk

\�� F�U.g x hyGXF ](_` KMa,G[Ki�dG[hyGXF�W�eJjnFHY�GXF�URGXj�gRKTFHYdYdGXU�F�j�YMPRG[KTjnF�eMfTPRGXU��WHGXF�fTPRVQG[h�F�fTP5Y[t�e ` eMF�U.g�eMFHG�GXepNQS.fTP
S.U5YdG[KMGXF�U.NQU.gRG[KXk

\ �NQedG|gRGXP.URGXU~eMF�fTP~z,GXFlI�KMh _N1KTj|S.URV�NQS.ep�OS.U5YdG[Kvb ` U.edYMNQU5YdGXj�E�KTS.fMb.�Tk
ENQjnFHYW _N1�QYeMF�fTP�a.KTF�U x FHa FHGXW�W@L _SRK��dGXgRGXe���NQN1K�o ` U ](_` KMa,G[KTU;j�GXeMedGXUlt,hyGXW�fTPRG[Kh _N1KTj�G[KF�edY[Z���NQU�z.KTF�URVQYvGXF�URG
gRG u U.FHG[KMYdG��NQeMj�GXURVQG�z,GXF�VQG[VQG[z,GXURGXj�E�KTS.fMb;G[KTedY�jnFHY�gRGXj�GXF�URGXU ](_` KMa,G[KF�U.e�YMPRG[KTjnF�eMfTPRGn�WHGXF�fTPRVQG[h�F�fTP5Y[t
g.NQU.U;jnFHY�gRGXj�NQU.gRG[KMGXU�S.U.gcjnFH�QY��dG[hyGXF�W�e�g.NQe��NQedo ` W�S.j�GXUlk�ENQe�VQK _` �QG[KMG|� ` W�S.j�GXU x GXFHVQYgRGXUch _N1KTj�G[KMGXU
](_` KMa,G[KvNQUlt.z,GXF��WHGXF�fTP.PRGXFHY>eMF�U.g}eMFHG�VBWHGXF�fTP~hiN1KTj~k
{ h _N1KTj�G[Kd�3b _NQWHYdG[KX{�F�edY�NQW�e ` GXF�URGyj�G[�Qz N1KMG>��KTg.UrS.URVBedKMGXW�N1YMF ` UJF�UJgRG[K��;GXURVQGigRG[K�YMPRG[KTj ` gR��U.NQjnF�eMfTPRGXU � ��edYdGXj�GQt
g.FHG�gRG[K��KTg.UrS.URVBedKMGXW�N1YMF ` U�{ VQK _` �QG[Kd�3b�WHGXF�URG[KX{.F�UcgRG[Kv�;GXURVQG|gRG[KvKMG[GXW�WHGXU;�,NQP.WHGXU}GXU5YMeda.KTF�fTP5Y[k
��NQU�b1NQU.U�{ h _N1KTj�G[Kd�3b _NQWHYdG[KX{iNQW�e ` g.NQg.SRKTfTP��rS.NQU5YMF u x FHG[KMGXUlt>g.N1�^jnNQU��dGXgRGXj ](_` KMa,G[K(GXF�URG;edb1NQW�N1KMG���K _` �QG
x S ` KTg.URG[Y[t.g.FHGJj ` U ` Y ` Uch _NQfTP.edY[t1�dG�h _N1KTj�G[K�gRG[K ](_` KMa,G[K>h�FHKTglk�ENQe�F�edYvg.FHG���GXj�a,G[KTN1YMSRKXk
EFHGXedGpN1z edYdKTN1brYdGp� _` VBW�F�fTPRbQGXFHY�URGXU.U5YvjnNQUcjnNQU.fTP.jnNQW
��S.W�WHYdG[Kv��NQSRa.YMeMN1Y x Z � _SRK��dGXgRGXevYMPRG[KTj ` gR��U.NQjnF�eMfTPRG � ��edYdGXj�G �RF�edYMFHG[KMY>GXF�URG|�,S.edYMNQU.g.edVQK _` �QGQt g.FHGJ��GXj¡�

a,G[KTN1YMSRK>VQGXU.NQU.U5Yvh�FHKTglk�¢£PRKMGp�WHGXF�fTP.PRGXFHY>F�edY>U ` Y0hyGXU.g.FHVQG�� ` KTNQS.eMedG[Y x S.URVnL _SRK>g.NQe
YMPRG[KTjnF�eMfTPRG;�WHGXF�fTPRVQG[h�F�fTP5Y x hyGXFHG[K � ��edYdGXj�G ` gRG[K x hyGXFHG[K(��GXF�WHG�GXF�URGXe � ��edYdGXjne[k
� FHGJF�edY>GXF�URGJedb1NQW�N1KMG|��K _` �QGQk

ENQjnFHY�F�edY>g.FHGJI��RF�edYdGXU x gRG[K���GXj�a,G[KTN1YMSRK>a ` edYMS.W�FHG[KMY[tRN1z,G[KvU ` fTPcbQGXF�URGJ��GXj�a,G[KTN1YMSRKTedb1NQW�N|L%GXedYdVQGXWHG[VQY[k
EN1L _SRKJVBFHz.Y�GXeJo�FHGXWHGn� _` VBW�F�fTPRbQGXFHYdGXUlk(��GXSRYdG�eMF�U.g¤F�U5YdG[KTU.N1YMF ` U.NQW�U ` fTP�g.FHG(¥yGXW�eMF�S.e£�Mt��.NQPRKMGXU.PRGXFHY£��S.U.g ] GXW¦�
o�F�U.edb1NQW�N|oQG[KMz.KMGXFHYdG[Y[k
§}¨�©0ª «.¬��®5¨�¯}r¯�°[±²�³�´µ ¬�¨�³�ª�¶
m G[KMGXFHYdGXU � FHGGXF�URGXU ] SRK x o ` KMYdKTN1V _SRz,G[KioQG[KTeMfTP.FHGXgRGXURGp��GXj�a,G[KTN1YMSRKTedb1NQWHGXU}o ` KXk
�%q·FHGXgRG[KTP ` W�S.URV�I���a,G[KTF�j�GXU5YMNQWHa P5��eMFHb.�
¢£UcgRG[Kv��P5��eMFHb}N1KMz,GXFHYdG[YvjnNQUcjnFHYvgRG[KvN1z e ` W�SRYdGXUc��GXj�a,G[KTN1YMSRK t.VQGXj�GXeMedGXU;F�U ] GXWHo�F�U�� ] �Tk
q·FHK�gRG u U.FHG[KMGXU}eMFHG(�%o ` KTW _NQS u Vr� _SRz,G[K>E�KTS.fMb@t.� ` W�S.j�GXUcS.U.g � Y `1¸ j�GXURVQGJGXF�URGXevF�gRGXNQWHGXU;�NQedGXe NQW�e

¹»º �l¼
½¤¾ �D¾ ºÀ¿1Á ÂQÃ1ÄBÅ(Æ�¿[ÄrÇ sdÈyÉ] m ` WHY x jnNQU.U�� ] ` U.edYMNQU5YdGQ� �DÊrk ¿ �

ENQe�P.N1YvhyGXU.FHVn� _NQPRKMhyG[KMY[t.hyGXU.U~jnNQUcU.F�fTP5Y x SRVBWHGXF�fTP~L%GXedYMWHG[VQY[t.hiNQevGXF�U~F�gRGXNQWHGXe��NQe�F�edY[k
q·FHGJgRG[K���NQj�GpeMN1VQY[t@F�edYvg.NQe>GXF�URG�¢£gRGXNQW�F�eMFHG[KTS.URV|gRGXe>��G[KTP.NQWHYdGXU.evKMGXNQWHG[K�NQedGXÈ1k
��KTS.U.g.W�N1VQG|F�edY�gRG[KG ��a,G[KTF�j�GXU5YdGXW�WHG m G[LOS.U.g^�3��GXedG[Y x o ` U m ` ��WHG �0��N1KTF ` YdYdG��Tt�g.N1�}g.FHG���K _` �QG��l¼yËÌ½ÍL _SRK�oQG[Kd�
eMfTP.FHGXgRGXURG|�NQedGpF�j�YMPRG[KTjnF�eMfTPRGXU;�WHGXF�fTPRVQG[h�F�fTP5Y�gRGXU~VBWHGXF�fTPRGXU~q�G[KMY�NQU.U.F�jnjpY[k
ENQepVBF�WHYJU.N1Y _SRKTW�F�fTP�UrSRKpNQURVQGXU _NQPRG[KMY[k~Î�U.g x hiN1K¡S.jne ` z,GXeMedG[KXtR�dGnb�WHGXF�URG[Kpg.FHGnEF�fTP5YdG}gRG[K¡�NQedG}F�edY[k���NQU
b1NQU.UceMF�fTP~g.NQe�F�gRGXNQWHGp�NQe�NQW�evgRGXU���KMGXU x hyG[KMY�S.URGXU.g.W�F�fTPRG[Ky��G[KTg _S.U.UrS.URV¡o ` KTedYdGXW�WHGXUlk
q·FHKhyG[KTgRGXU�edGXF�URG¡I�FHVQGXU.eMfTP.N1L%YdGXU�S.U.g;gRGXU¤��GXj�a,G[KTN1YMSRKMz,G[VQKTF ¸ hyGXFHYdG[KJS.U5YdGXU�a.K _N x F�eMFHG[KMGXUlt GXU.gRV _S.WHYMFHV�N1z,G[K
G[KTedY�F�j��,S.eMNQjnj�GXU.P.NQURV�jnFHYvgRGXj x hyGXFHYdGXU;��NQSRa.YMeMN1Y x k

Ï0ÐÌÑ Ò�ÑBÓiÔ�ÕTÖD×QØ£ÙrÚÕTÛ Ü3ØÞÝ�ß à�Ò@ØÞÝÌÚá Ù²Ý á à�â²ã²äÌÙ�à�Ø Úå à1æ²ØÞÝ á à�âyæ²ØÞÝ�ç äÌÛ á�è ß à1Õ á à1æ�äÌÙ�à�Ø�é[Ü3äTê5Õ á ÖOÜ0Õ á ÖDë0Ùì£ÕTà1ÕTÛ äÌâ>Ð á Ý�í á à�î[Ü è ÕTÖDÖDØ�ß àæ²ØÞÝ�ï�Ø£ë0Ù1ÕTà�ß îväXæ²ØÞÝ�æ²ØÞÝ�í á à�î[Ü3Û ÕÌæ á à�â�ß à�æ²ØÞÝ�ð.Û Ø£î[ÜDÝ3äXæXñ²à1Õ è ß î
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>�?�@ A�B�CED;FHG4IKJ;B�CMLON�I'PRQ-S�T�IVU�WXC G4J;B�N�S�U
Y�Z�[\Z�]_^8`Rab^8c�d`Rc�efZbgihR^jhR^jkl^8[_^8enm�o2prqE[E]\sutE`KgihR^8[E`Rqv]EZb^xw�^8e�yl^jz%`Kg{q_zi^8[;g{c|yEz{^8}%t_^8[E]�dab^8Z�}%t~qE[_hv���~���'�%�� qE}%t\z{^8`Rab^+d`Rc|^�tE`Kkl^8[\Z�e�dab^8Z�}%t_hR^j��Z�}%t;gOkl^8ZlhR^jhR^8[_^8[�m�o2p�o{suhR^8[E`Rq�^8Z�[_^6w�^8e�yl^jz%`Kg{q_z�w���y�� ��� �6�%���q_z�Z�c|gi]EZb^6�R�)[_�~z{^jg|^��EqE[_�~g{Zb�)[�w���y�� ��� �6��`R[E]_^jz%cOqE[E]��R�)[v]_^jzd`Rc{`Kz{g�`Kk t��`R[_h)Zbh_���`R[v[_^8[E[;gOc{Zb^g{t_^jz%efZ�c{}%t_^��lqEc|g{`R[E]Ec|h)ab^8Z�}%t~qE[_h ���� gOZ�c|gO]EZb^8c|^x[EZ�}%t;gi^8Z�[Eef`Ra-`R[E`Rab�~g{Z�c{}%t�`R[_hR^jkEk `Kz8�Y�Z�[�h)q_g|^8c��v��]_^8a�a � �q_zi��Zb^8ab^6z{^8`Rab^�d`Rc|^�Z�c|gO]EZb^

g{t_^jz%efZ�c{}%t_^��lqEc|g{`R[E]Ec|h)ab^8Z�}%t~qE[_h+^8Z�[_^8c��K`R[v]_^jzi��`R`Ra�ci�\d`Rc|^8c��  Km�¡£¢ s�¤p ¤l¥   ps§¦©¨ ¥Hª¬«; ���~� �)�
®�Zb^jz�c{Z�[E]¯¢ o ¨ c|g|�K°-`Kk t��`R[_h)ZbhR^�±6�)[Ec|g{`R[;g|^8[-�H�HZbzf�²^jz%]_^8[³]EZb^8c|^�dab^8Z�}%t~qE[_h´c|y��`Kg|^jz�]EZ�c|��q_g{Zb^jz{^8[¯qE[E]£µ8q_z¶²^8c{}%t_z{^8Zbk qE[_hf]_^8cO·�tE`Rc|^8[��q_kl^jz{h)`R[_hR^8c�h)`Rc � ��Rz%efZbh+�f¸��qEc{c{Zbh+kl^8[~q_g|µj^8[-�¹ºe»·�z%Z�[_µ8Zby©h)ZbkEg+^8c � �q_z�¼|^8]_^8[³½~g|�K°¾^8Z�[_^�g{t_^jz%efZ�c{}%t_^v�lqEc|g{`R[E]Ec|h)ab^8Z�}%t~qE[_hÀ¿�� m�o2p�o{svo  � ªÂÁ �²�²^8a�}%t_^�]EZb^w�^8e�yl^jz%`Kg{q_z�efZbgi]_^8[�`R[E]_^jz{^8[��lqEc|g{`R[E]Ec|�K`Kz%Z�`Kk ab^8[Ã�R^jz{��[��q_y � gj�Y�Z�[_^²�²^8Zbg|^jz{^�dab^8Z�}%t~qE[_h_�)�²^8a�}%t_^�½~g|�K°-c|yl^jµ8ZÅÄ ��Z�[+]EZb^iwOt_^jz%e���]_��[E`RefZb�6kEz%Z�[_hRgj�RZ�c|g�]EZb^��K`Rab�Rz%Z�c{}%t_^��lqEc|g{`R[E]EcºÆh)ab^8Z�}%t~qE[_h_�E]EZb^6��ZbzOZ�e��lqEc{`Refe�^8[EtE`R[_h�efZbgO]_^8eÇ�K� ®�`Rq_yEg{c{`Kg|µ�kl^8tE`R[E]_^8a�[Ã�²^jz%]_^8[-�
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@�ACB�D�E�FHGJI1KMLONBPA�E�QRKTSUB�G1DWVXQRVXGJVXQRY1K[Z�G1\X\XB�DPI]EPK^A�_�DWV`AXa1bcQRKTQH\`V$EPK^AMd%GJV`e

Z�NBPA�f`K�EPK�DgAXK^Y1K^AC\XQRhcFRK�DjiTAXK�QH\`b�AXa1e^K^k�I3QHFRV lnmJoprq�s t=uUv w3x
y K^z6K�QH\^{| B�D/NG1}C~�\`V�LONBPA�K�QHDPK
��AXh�K�QRVX\`�UACGJL+VX��G1\X}C~�QHDPK1�PE�QRKMAXK^Y1K^AC\XQRh�K�F�e^z�QH\X}C~PK�D w y NG1EPK^ACD p�� B�D�E p<� GJAXh�K�QRV`K^V vZ�NBPA�E�QRK�\`KT~�GJh�K�Dgz�QRA$\X}C~Pa3Dgh�K^z�QRK�\`K�D<{������W� q�s%v� BPk]DUBPA$B���L+a1AC��B�FHQRK^AXV6z6K^ACEPK�D v� QRV�� q &6�������� B�D�Ej�W� q & ��� �� � L+a3FRI1V$E�GJACG1B�\

o �p�� � o �p<��q�s LONBPA�f`K�EPK�DgAXK^Y1K^AC\XQRhcFRK�D w�� y G1E ��� AXa1e^K^k v t=uUv �3x
p

V

Approximation reversibler Kreisprozesse durch 2-Bäderprozesse

T1
T2

Tn

Adiabate

� B�Dgh�K�FHQRK^hcQRI1K^A6AXK^Y1K^AC\XQRhcFRK^A$iTAXK�QH\`b�AXa1e^K^k v| B�D/NG1}C~�\`V�\`V1NB�}X�Uz6K�QH\`K���b�b�AXa��PQH��GJVXQRa3D�E�BPAC}C~¡ �\`a �VX~PK^AC��K�D¢B�D�Eg��E�QHGJhcGJV`K�D t E�QH}X�1K | G1}X�1K�D�FHQHD�QRK xCvy K�EPK�BPV`K^V N£ h�K^ACEPK�}X�%B�DPI�E�BPAC}C~ w�� y G1E ��� AXa1e^K�\X\`K vZ�NBPA�f`K�EPK�DgI3QHFRV t=uUv �3x �>LONBPA$G1FHFRK
¤¥G1FH\`a
¦§H¨ �`© ª oM«`¬�8®§p «`¬�8®§ � oM¯°®X±+8®§p ¯°®X±+8®§ q�s t=uUv ²Ux

 ���³/QH��QRV�¤µ´·¶¸K^AXI3QRh�V$\XQH}C~ t=uUv w3xCv S v K v E v
iTa3D�\`K�SUBPK�DPeTY1a3D t=uUv w3x {mJoM¹`º�»J¼ p QH\`V�V`a1VXG1FRK�\�½MQ¿¾�K^AXK�DWVXQHG1F<K�QHDPK^A | B�\`VXG1D�E�\`I1AÀNa1k1K1�cE�QRKMz�QRA$��QRV�Á�h�K^e^K�QH}C~�DPK�DgB�D�Eg_�DWV`AXa1bcQRK
DPK�D�DPK�D vZ�NBPA�f`K�EPK�\�VX~PK^AC��a%EPÂ%D�G1��QH\X}C~PK[dUÂ%\`V`K��¡K°�PQH\`VXQRK^AXV�K�QHDPK | B�\`VXG1D�E�\`I1AÀNa1k1K1�cE�QRKT_�DWV`AXa1bcQRK�Á v �~PA�ÃÄK^AXV�QHDjK�QHDPK�� | B�\`VXG1D�EjÅ�QH\`V

Á t Å x�q Á tÆsWx �ÈÇ
�
É mJoMÊ =Ëp z6a1h�K�Q�ÌÍÍÎ

ÍÍÏ
Ð s1Ñ h�K�FHQRK^hcQRI1K^A�Ò$K^L+K^AXK�DPe^e�B�\`VXG1D�E �DWV`K^I1ACGJVXQRa3DÓNBPh�K^A�AXK^Y1K^AC\XQRhcFRK�D � AXa1e^K^k]Y1a3D s D�G1}C~ÔQ=� t=uUv u3x

Õ�¾�K�D¢QH\`V$DPa%}C~<��QHDWz�QRK^z6K�QRV�E�QRK�\`K�@�AÀNa1k1K[QRAXAXK^Y1K^AC\XQRhcFRK � AXa1e^K�\X\`K[}C~�GJACGJ�UV`K^ACQH\XQRK^AXV v½MG1��QRV$z6K^ACEPK
QH}C~¢��QH}C~gI3FRK�QH}C~gh�K^LÆG1\X\`K�D<�%e�BPY1a1A
(�)+Ö ,�-/.1032�46587�×�7cØÔ5�×�7�;<Ù87c-ÛÚÄ;<ØÀ7cØ
N£ hcB�DPI3\XG1BPL+I3GJh�K ²Üt e�B�� &�Ý v uUv s & x {G x y K^z6K�QH\`K�D�d%QRKMLONBPA$K�QHDgQHEPK�G1FRK�\�@MG1\

Á t p�ÞOß x�q Á t à É ÞOß É x �Èá�â FHD pp É � ¤�ã�FHD ßß É�ä t=uUv ' x
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E�FHGJILKNMOKNFQPRKNFQPNS�TUGWVXTUGZY�[]\�^U_�`aM�[2FHb]c�GZYNde\gfHh�K �+i FHG�fHG�j
kOl m E�FHGnM�fQfHh�G�[]G�FQ`UG�`.opG�PRGZKRqZG�^UGZY#VXTUGZY�[]\�^U_�`aM�[2FHbWM�raP#[2FHbLYN\gPRb�\�s�FQPNS�TUG�`2tuGZvuGZhgra`UhgPRh�G�PRGZKRqZG�`wMOxaq�rafHG�FHKRG�` l
�Ll m E�FHGnKNTUGZY�[]\�^U_�`aM�[2FQPNS�TUG�`2y#FHh�G�`aPNS�TaMOdeKRG�`{z i raPRKNM�`a^aPRhgfHG�FQS�TLra`Uh�G�`}|a~Z~Z~ m b�\g`UbLYNGZKRGZYnILKR\O��Gnq�r2x�GZYNG�S�Ta`UG�` l
i FHG�f k PRGZKRqZKn[2FHbLYN\gPRb�\�s�FQPNS�TUG�tuGZvuGZhgra`UhgPRh�G�PRGZKRqZGJc�\�Y�M�raP l

tu\gfHKRq�[2M�`a`�z k������O��k��O�g� |�tuGZh�Yg�ra`a^UGZY�^UGZY�PRKNMOKNFQPRKNFQPNS�TUG�`w�#T�_�PNFHb m `aM�Ta[
M�`}|a^aMO�+^aFHG�V�G�FQfQS�TUG�`&^UGZYXb�fQM�PNPNFQPNS�TUG�`;�!G�S�TaM�`aFHb.h�G�`��rUh�G�` l
t�M�fQ^�`aM�S�T��nGZY�M�raPRx�FQfQ^ara`Uhw^UGZY]��raM�`�KRG�`a[]G�S�TaM�`aFHb�b�\g`a`�KRG.[2M�`�qZG�F �
h�G�`}|O^aMO�nM�raS�TW^aFHG�PRG�q�rW^UG�`��pM�rUsaKNP��MOKRqZG�`J^UGZY�VXTUGZY�[]\�^U_�`aM�[2FHbXd��raTUYNK l
E�M�P]FQPRKJG�FQ`���ra`a^UGZY�|�vuG�`a`9[2M�`9x�G�^UG�`UbLKZ|�vnFHGwra`�KRGZY�PNS�TaFHG�^afQFQS�T�^aFHG
i raPRKNM�`a^aPRx�GZh�Y�F���Gpc�\g`;b�fQM�PNPNFQPNS�TUGZYnra`a^&��raM�`�KRG�`a[]G�S�TaM�`aFHbwPNFQ`a^}�
� `a^UGZYNGZY�PRG�FHKNPp[JrU�wG�P�PR\;PRG�FQ`}|�vuG�`a`�^aFHG0y�YNd�M�TUY�ra`UhgPNP��MOKRqZG]^UGZY�VXTUGZY �
[]\�^U_�`aM�[2FHb+M�fQfHh�G�[]G�FQ`UGJo.�rafHKNFHh�b�G�FHKXTaMOx�G�`&PR\gfQfHG�`}|a^aFHG�`aFQS�T�K�c�\g`!^UG�`
EpGZKNM�FQfQPX^UGZYn[2FHbLYN\gPRb�\�s�FQPNS�TUG�`;tuG�PNS�TUYNG�FHx�ra`Uh]MOx�T��M�`Uh�K l

i rUY;tuGZh�Yg�ra`a^ara`Uh9^UGZY&VXTUGZY�[]\�^U_�`aM�[2FHb�PR\gfQfHKRG�M�fQPR\�G�FQ`UG�ra`aFHc�GZY�PRG�fQfHG�y#FHh�G�`aPNS�TaMOdeK;^UGZY&[2FHbLYN\gPRb�\�s�FQPNS�TUG�`
tuGZvuGZhgra`Uh.M�raPRYNG�FQS�TUG�`}|U^aFHG�PR\�vu\gTaf�FQ`wb�fQM�PNPNFQPNS�TUGZYnM�fQPXM�raS�T{��raM�`�KRG�`a[]G�S�TaM�`aFHb.h�GZh�GZx�G�`!FQPRK l
� FHYXvuGZY�^UG�`;PRG�TUG�`}j
^aM�PXFQPRKX^aFHG�EpGZKRGZY�[2FQ`aFHGZYNKNTUG�FHKX^UGZY�qZG�FHKNfQFQS�TUG�`&y#`�K¡vnFQSNb�fQra`Uh]^UG�PX[2FHbLYN\gPRb�\�s�FQPNS�TUG�` i raPRKNM�`a^aP l

¢ £¥¤0¦n �§©¨�ª]$N«n§©§© #¬0 ®�¯W§a°� #±² 

� FHYXx�GZKRY�M�S�T�KRG�`![2MObLYN\gPRb�\�s�FQPNS�TUG0IL_�PRKRG�[]G�|a^UGZYNG�`&V�G�FQfQS�TUG�`Uq�M�Taf}³´hgFHhgM�`�KNFQPNS�T&FQPRK l
i ra`��M�S�TaPRKXtuG�PNS�TUY��M�`Ub�ra`Uh2M�rUdµFQPR\gfQFHGZYNKRGWIL_�PRKRG�[]GWFQ[Bo�fHG�FQS�TUh�GZvnFQS�T�K l

¶�·¡¸ ¹Aº�»µ¼g½�¾a¿#À�Á�º}Â#Ã

y#FQ`UG�` i raPRKNM�`a^;FQ[BI�FQ`a`UG�^UGZY�s�T��M�`U\g[]G�`U\gfH\�hgFQPNS�TUG�`&VXTUGZY�[]\�^U_�`aM�[2FHb+`UG�`a`UG�`wvnFHY��{MObLYN\�q�raPRKNM�`a^ l
y�YXvnFHY�^w^arUY�S�TwG�FQ`aFHh�G�vuG�`aFHh�G i raPRKNM�`a^aPRh�Y��\���G�`;x�G�PRKNFQ[2[WKZ|
x�G�F�G�FQ`UG�[5MOxah�G�PNS�TafH\gPNPRG�`UG�`{IL_�PRKRG�[5FQ[Äo�fHG�FQS�TUh�GZvnFQS�T�KnPNFQ`a^w^aM�PXÅÇÆÉÈuÊ�Ë�ÊN³ l

¶�·eÌ ¹5Í	»µ¼g½�¾a¿#À�ÁaÎº}Â#Ã�Ï

y#FQ`UG�`;M�raS�T&[2FHbLYN\gPRb�\�s�FQPNS�T;c�\gfQfQPRK��M�`a^aFHh0x�G�PRKNFQ[2[WKRG�` i raPRKNM�`a^;`UG�`a`UG�`wvnFHYX�{FHbLYN\�q�raPRKNM�`a^ l
b�fQM�PNPNFQPNS�TUG�V�G�FQfQS�TUG�`}jµG�FQ`UGnÐ�\L\�Y�^aFQ`aMOKRGnra`a^2G�FQ`UG�`2Ñ�[]s�rafQPµsaYN\WÒUYNG�FQTUG�FHKNPRh�Y�M�^}|LÓÄÆÔz�ÕOÖZÊZ~Z~Z~�Õ�×NØ�Ê�Ù�ÖZÊZ~Z~Z~	Ù©×NØ m�l

E�FHG�PRGWPRs�M�`a`UG�`wG�FQ`UG�` � ³ � ^aFQ[]G�`aPNFH\g`aM�fHG�`wÚnM�ra[5M�rUdÛ|�^UG�`;�#TaM�PRG�`UY�M�ra[ l
y#FQ`;�{FHbLYN\�q�raPRKNM�`a^&FQPRK�G�FQ`&�#ra`UbLK�FQ[5�#TaM�PRG�`UY�M�ra[;|�b�rUYNq�ÓÄÆÔz�ÕLÊ�Ù m�l

��raM�`�KRG�`�KRG�FQfQS�TUG�`}j�G�FQ`UG i raPRKNM�`a^aPRd�ra`UbLKNFH\g`&Ü]z�Õ m M�raPX^UG�[5�pFQfHx�GZYNKRY�M�ra[ l
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K�LNMPO3Q.RTS
UWVYX<Z[ V$\$]�^`_ a�LNb [ R7cdQeV
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^NVP]gLN_WhiQ.j�UkR3l [ R3lNQ.RJm
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£ _kbd^gUkbdc�j3QeV � [ lNQ._WVPLNj�U [ b�¤¥o§¦ � � ���¨t�\ (Nzdz S
UWV��D_kUkMPO~Q¢©DcdV�Q.]«ªDUWQ._ilNVIZ^N}NQeV�LN_kb$\)m
¬�Z[ V
j�UWQ�&R3X®^NVP]gL)c�UW^`R�bdQ.R7cdV�^N¯GUWQ�QeV�l`UWh�c�b�UkMPOT°�t"�&\ (�±  A� �`�²n³t�\ (Nzd´ m
µ�R�j¶j�LNb
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&O3VY&R3X®^NVP]gL)c�UW^`R�bdlNQ.O�LN_Wc�Ukbdce·�\ (Nzd´ hGUWc
o�\ (A�¼´ a�UWl`L)hAÄAcdQNm
K�Q.O3V|LN_kb
\ (N(N(N(N( a�UWl`L)hAÄAcdQ
¯�V�^¥À%VPj3hiQeS|^`O�R3QeV.m £ _k_WQ�Å|^`]�¯ [ cdQeV�j3QeV�Æ�Q._Wc�V�Q.UkMPO3Q.R~R�UkMPO7c%Ç [ ] £ hGbd¯iQ.UkMPO3QeVPRJm
È�É5Ê¢Ë�ÌÎÍÐÏ�UWQ$&R3X®^NVP]gL)c�UW^`R�bdQ.R7cdV�^N¯GUWQÑ°�O�L)c�Qec¼S�L~j�UWQ�l`_WQ.UkMPO3Q�a�VIZ^N}NQ.R3^NVPj�R [ R3l�S
UWQ$j�UWQÑÒ�Q.Uk_kMPO3Q.R3Ç.LNO�_Jn:m

�DUWQ$Ukbdc�LN_kbd^�VPUWQ.b�UWl [ R�j¶j�LNb�bdc�L)c�Ukbdc�Ukb�MPO3Q�a�QeS
UkMPO7cY¸gow¹.ºyZ[ hiQeVPL [ b�l`UWl`LNR7c�Ukb�MPOJm
Ï�UWQ.b�l`Uk_WcYR�UkMPO7c�R [ V�X<Z[ V�j�LNb�Ukj3Q.LN_WQsa�LNbeÓGbd^`R�j3QeVPRCX<Z[ V�j�UWQ$]�Q.UkbdcdQ.RT]gL)�AV�^`bd�N^N¯GUkb�MPO3Qs�AÄDbdcdQ.]�QNm
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System 1

U1
V1
N1

System 2

U2
V2
N2

feste Wand: durchlässig f. Energie (Wärme)
                     undurchlässig f. Teilchen
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j�L)}~L [ b
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bd^~j�L)}

ó K�UW�AV�^NÇ [ bdc5ZLNR�j3QÑlNQelNQehiQ.R�j [ VPMPO � o"� � �.ô � z �PÓ�S|^ � ñæj�UWQ¥õ [ LNR7cdQ.R3Ç.LNO�_WQ.RTj3QeV [ R3lNQ.bdc5Z^NV�cdQ.R�Ò�Q.Uk_kbdÄ7öbdcdQ.]�QNÓ
ó j�UWQ$Ò�Q.Uk_kbdÄDbdcdQ.]�Q$j�LN]gUWcYbdc�L)c�Ukbdc�Ukb�MPO [ R�L)hGO�ZLNR3l`UWl3Ó
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Ï�LNb
Ò�Q.Uk_kbdÄDbdcdQ.]³\��)LNR�Rs�dQ.j3Q$À�R3QeV�l`UWQ�� �#"%$ ( ô �'& O�L)hiQ.RJÓ�Ò�Q.Uk_� �O�L)c
j�LNR�R¥�dQeS|Q.Uk_kb�� � o��)( � � m
ÆqUWV�hiQeÇeQ.UkMPO�R3Q.R¶j�UWQ.b�LN_kb�ªNQeVPb�MPO�UWQ.j3Q.R3Q+*+,�-/.103254dÉNÌ�Ë�,�-768- j3Q.b�a�Q.b�LN]¥c�bdÄDbdcdQ.]gbem
&R [ R�bdQeV�Q.]à¬�LN_k_WQÑ�JZ^`R�R3Q.RTj�UWQÑªNQeVPb�MPO�UWQ.j3Q.R3Q.R � ^`R59Gl [ VPL)c�UW^`R3Q.RCj [ VPMPOu� � [ R7cdQeVPb�MPO�UWQ.j3Q.RCS|QeVPj3Q.RJm
Ï�UWQTÁiLNO�_|j3QeV�K�UW�AV�^NÇ [ bdc5ZLNR�j3Q�Ç [ Q.UkR3QeV � ^`R59Gl [ VPL)c�UW^`R:UkbdcsS|QelNQ.Rîj3QeV�bdc�L)c�Ukbdc�Ukb�MPO3Q.Rîµ�R�L)hGO�ZLNR3l`UWlN�NQ.UWcsj3QeV
Ò�Q.Uk_WQÑl`_WQ.UkMPOTj3Q.];:%V�^Dj [ �AcYj3QeV�ÁiLNO�_WQ.RCQeV�V�Q.UkMPO7hGL)V�QeV
K�UW�AV�^NÇ [ bdc5ZLNR�j3Q.R¶UkR¶j3Q.RTÒ�Q.Uk_WQ.RJ· zdz
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ced`f.g�hBikj4lnm oNp�q=rs fut�vwhyx�zK{|f�d`},vwh$~��Y{u�khBvw{|h�f�h��ydNz��|hB� s hBze��hBz_m� s �uteh�f
�u~eh�f.g�d@te�@z��`g�vw���
vF���|hBz[�
vwfuz�r�`g�iFvF�.~��@������ �e���Q�� �@���"�� �K���t_m ~_mw��t�vwh$x�zK{|f�d`},vwh�� vF�|{¡�`iF�uc s ze�n{�vwdNz¢t�vwhB�|h�f¡£%�Yf.vF�Y¤,iwhBz[hBvFz�{�~eh�f.g�d@te�@z��`g�vF���.~ehB�¡¥ d`{|hBzK{�vF�`i4m� s �uvF~efuiXr�Y¦`{u��vF�.~¢z�vF�.~K{uz s f
t�vwhy��hBg�}§h�f.�Y{ s fu¨`hBg�r�Y¦©j4lnm ª`p�¤§h�f�hB�.~�zehBz_��|dNz�teh�f.z�� s �.~��`iFiwhy�`z�teh�f�hBz�f�hBiwh�«Y�`zK{|hBz¢£%�Yf.vF�Y¤,iwhBz_¬

 � ®°¯�± �± �¢²`³n´ µ � ¶K®°¯$±,·± ��²`³n´ µ ¸ f s ��� j4lnm lNp
¹ �#�º®°¯ ± �± � ² ³n´ » �#��¶K®°¯ ±,·± � ² ³n´ » �.~ehBg�vF���.~ehB�
¥ d`{|hBzK{�vF�`i j4lnm ¼Np

¸ vwh ½khB�|{�vFg�g s ze¨¾teh�f©{�~eh�f.g�d@te�@z��`g�vF���.~ehBz#x�vw¨`hBz����.~��Yq¿{|hBz"hBvFzehB�©�Y¤�¨`hB���.~�iwdN���|hBzehBzÁÀn�@�|{|hBg��IvF�|{©t��`g�vw{¨`hBg�r�Y¦�j4lnm oNp
� s q�t�vwh�½kh�f�hB�.~�z s ze¨�teh�f$Â§�`~�i_Ã¢�|hBvFzeh�f�Ä�vw�nf�d`� s �|{:r�`z�tehÅ�`iF��c s ze�n{�vwdNz�«`dNz jX�kÆ=�ÇÆ��Ipu� s fNrs ���KÈ¨`h�q=rs ~ef�{�mÉ<Ê=ËÍÌ�ÎYÏÑÐ4ÒKÊ�ÎYÓFÊÍÔÖÕuÎ)Ë�×ced`f.g�hBi_j0ªKm oNp vFz�t�vwh ¸ f s ���nq¿d`f.g�hBinhBvFze¨`hB�|h�{|��{ÇiFvwh�q¿h�f�{  �ÙØ � µ» m ¸ �`��vF�|{�¨`h�f.�`teh¡t�vwh�{�~eh�f.g�vF���.~eh¡Â s �|{��`z�t��|¨NiwhBvÚÈ�.~ s ze¨ÅtehB�kvFtehB�`iwhBz[Û��`�|hB��m ¸ vwh
�Y�`iwd`f.vF���.~ehyÂ s �|{��`z�t��|¨NiwhBvF�.~ s ze¨$~��Y{|{|hBzÜ�
vwfk���.~edNz�vFgQ«`d`f.vw¨`hBz � ¤,���.~�z�vw{|{�� s �teh�f
��hBg�}§h�f.�Y{ s f�q¿d`f.g�hBi§h�f.~��`iw{|hBz_m%Ä�vw{utehBgÝ�.~ehBg�vF���.~ehBz¢¥ d`{|hBzK{�vF�`i��kh�f.tehBz��
vwf s z���h�f.�|{
�|} r�Y{|h�fu¤§h�qÞ�`���|hBz_mß¡à Ó¿ÓFÊÅá à Ô�â$ã=ä�åÍæ]ä@Ô<Ò[åÍçeÊÍÏ]ÐèË�åÍçeÊÍÏÝé à ÌXÊÍÔ,ÌÞÐ4ÎYÓNê_ëä@ãÅÒNÎ)Ë�ì�ÎBí`Ð¿Ï]ä@ÏîÒKÊÍã�ï à ÔBð ñ`ä@ã|Î`ÌÞÐ à ÔeËBÊÍÔ,ÌÞã à.ò Ð0Êó s z]�`hB~ef�hBz��
vwfÇ� s�s z��|h�f�hBzÅ¤§hBvFtehBz���hBvFiF�|�@�|{|hBg�hBz]� s fNrs ���<m�½�vF��~eh�f�~��Y{|{|hBz��
vwf%z s f%x�zeh�f�¨NvwhB� s �|{�� s ���.~�� s ¨`hÍÈiF�`���|hBz s z�t�¨`h�q s z�tehBz_�Nt��Y¦yt�vwh��ydNz@ô,¨ s f.�Y{�vwdNz��|hBzK{|f�d`},vwh · � � ·,õ g��)öevFg��`iK�
vwf.t_�Y�khBz�zÅ¤§hBvFtehk��hBg�}§h�f.�Y{ s f�},�)Èf.�`g�h�{|h�f�j4lnm ª`p�¨NiwhBvF�.~[��vFz�t_m�÷kr�Y¦`{¡g��`z[� s �.~[«`h�f)r�`z�teh�f.iFvF�.~eh���hBvFiw«`dNi s g�vFz��y¤§hBv,�`dNz��|{��`zK{|hBgøÛ�hB���`g�{|«`dNi s g�hBz� s j0Â<�
vF���.~ehBzK���`z�t�¤§h��kh�¨NiFvF�.~<p.�nh�f�¨Nvw¤�{k��vF�.~��`z��`iwd`¨]�`iF�%� s �:r�Y{|�BiFvF�.~eh�½khBt�vFze¨ s ze¨$q=rs fkt��`�kx�zK{|f�d`},vwhBg��)öevFg s g¨`h�f.�`tehÅt�vwhÅÛ�iwhBvF�.~�~ehBvw{¡¤§hBvFteh�f ±,·�ùXúY± � ù �,t_m ~_mkteh�f ¸ fNrs ���`h`m ¸ vwh$���`~ef.���.~ehBvFz�iFvF�.~��|{|h$�ydNz@ô,¨ s f.�Y{�vwdNz�vF�|{ s zK{|h�ft�vwhB�|hBz ½khBt�vFz s ¨`hBz�û|hBzeh¢g�vw{]¨NiwhBvF�.~ehBzÖ��hBg�}§h�f.�Y{ s f�hBz s z�t ¸ fNrs ���`hBz�vFzü¤§hBvFtehBzü��hBvFiwhBz_müýVvwf.tü� s �:r�Y{|�BiFvF�.~zed@�.~þ��hBvFiF�.~ehBz�� s �|{�� s ���.~�� s ¨`hBiF�`���|hBz_�ÇgIrs ���|hBzI� s �:r�Y{|�BiFvF�.~þzed@�.~þt�vwh�¤§hBvFtehBz��.~ehBg�vF���.~ehBzþ¥ d`{|hBzK{�vF�`iwh�¨NiwhBvF�.~�|hBvFz_m ¸ �`����vFz�tü¨`h�f.�`teh�t�vwh¢½khBt�vFze¨ s ze¨`hBz q=rs fÜt��`�[Û�iwhBvF�.~e¨`h��
vF�.~K{Ü� s �Üteh�f�},~�r�`zedNg�hBzedNiwd`¨NvF���.~Ö�u~eh�f.g�dYÈte�@z��`g�vw�<m ¸ vwh����`~ef.���.~ehBvFz�iFvF�.~��|{|h��ydNz@ô,¨ s f.�Y{�vwdNzüteh�f[Àn{��Y{�vF�|{�vw��hBzK{��|}�f.vF�.~K{��`iF�|dItehBgÿÛ�iwhBvF�.~e¨`h��
vF�.~K{�teh�f¥�~�r�`zedNg�hBzedNiwd`¨Nvwh`m
�&g q¿dNiw¨`hBz�tehBz[�kdNiFiwhBz��
vwf s z��¡teh�f
x�vFzeqÞ�`�.~�~ehBvw{¡~��`iw¤§h�f��
vwhBteh�fu� s q�tehBz¢x�zeh�f�¨NvwhB� s �|{�� s ���.~�¤§hB���.~ef)r�`ze�`hBz_m
C�D�� �IS,W)Se^��üP%S�H���O�^`HN\	�kU0S
��J�O%a_R�T S
ó
hB~�g�hBz¢�
vwfuz s z¢�`z_�,t��Y¦Üt�vwhy¤§hBvFtehBz���hBvFiF�|�@�|{|hBg�h$� s z�r�`�.~��|{u«`dNzehBvFz��`z�teh�f
vF�|dNiFvwh�f�{¡��vFz�t s z�t�vwf�¨`hBz�te�khBiF�.~ehx�zeh�f�¨NvwhBz�� ù�� ~��Y¤§hBz_m ¸ vwh�Â§�`~�iNh�f�f�hBvF�.~K¤,�Yf�h�f Ä�vw�nf�d`� s �|{:r�`z�tehkvFz$t�vwhB�|h�f � zeqÞ�`ze¨N�|�`dNz@ô,¨ s f.�Y{�vwdNz�vF�|{�d�§hBz���vF�.~K{&ÈiFvF�.~©t��`��¥%f�d@t s �n{�teh�f�Â§�`~�iwhBz�h�f�f�hBvF�.~K¤,�Yf�h�f$Ä�vw�nf�d`� s �|{:r�`z�teh]vFz�tehBz©«`dNzehBvFz��`z�teh�f�vF�|dNiFvwh�f�{|hBz���hBvFiF�|�@�|{|hBg�hBz_mx�zK{��|}�f�hB�.~ehBz�t¢vF�|{¡t�vwh$x�zK{|f�d`},vwh$tehB��Û�hB���`g�{��|�@�|{|hBg��
¨NiwhBvF�.~¢teh�f
�ydNz@ô,¨ s f.�Y{�vwdNz��|hBzK{|f�d`},vwh

·�� jX� � � ÆÍ� õ�� p%� iFzkÃ � jX� � � p0Ã õ jX� õ�� pÇ� · � jX� � � p_� ·,õ jX� õ�� p��ó s z[iF�`���|hBz��
vwf$jÞ���.~K���`�.~ehBz<p�x�zeh�f�¨NvwhB� s �|{�� s ���.~�� s m ¸ �`g�vw{�r�`z�teh�f.z���vF�.~�t�vwh�½khBt�vFze¨ s ze¨`hBz�tehB�
Û�hB���`g�{��|�KÈ�|{|hBg��$���.~�iF�Y¨N�Yf�{�vw¨em�ýVvwh�hB�$t��Yf.� s q��`dNze�nf�h�{$f�hB�Y¨Nvwh�f�{�� ���Y¨`{ s z��yt�vwh�Àn{��Y{�vF�|{�vw��z�vF�.~K{�m�x��y¨`hB~K{$h�f�qÞ�`~ef s ze¨N�&È¨`hBg�r�Y¦¢vFz�hBvFzehBz�zeh s hBzIÛ�iwhBvF�.~e¨`h��
vF�.~K{��|� s �|{��`z�t rs ¤§h�fBm
ýIhBz�z©hB��t��`��{ s {���z�vFg�g�{
hB��t�vwh]g��Y�nf�dN�|�`d`},vF���.~ehBzx�vw¨`hBz����.~��Yq¿{|hBzü�`z_�%t�vwhÜq=rs f]t��`�]�|{��Y{�vF�|{�vF���.~eh[x�z��|hBg�¤,iwh s zK{|h�f�tehBzþzeh s hBzþ½khBt�vFze¨ s ze¨ s ze¨`hBz�{X�n},vF���.~þ��vFz�t_m
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À ® � Æ ± Æ � ² Â �ÅÄ s PÃÂ � ~Z��Ç ��3 ³ v9°L±� ´ÉÈ Q�Ê PÃÂ � ~Z�xÇ¿Ë� ��3 ³ }�~Z�� y��F� ´ÉÈ ��3 ³ ±� ´ÉÈ Q�Ê ®©¹ I Q � ²#�&�?*-¼½�43 � 1�&85B1�� .0lB<>�4���41�,H�',H�43ÍÌ�&�?2>Î>�43JmÏ P ÂÑÐ ÀÐ � P ~ �Á��3�Ò ³ }�~Z�� y�� � ´ f/µ � ±�ÔÓ ÈÖÕ� ~ � · KM.>G	1�GH,¦,/.0,/G�?.>:);B��1�:); ®�× I Õ ²)Ø � �43B3A5-2>&/, ®©¹ I Q>Q ²Ä P À È � Ï P � ³ Ë� ~Z� È Ä s ´ *B3B5�Ä s P �»�41�3-<>�4GH�',H@', � 1�&)5JILÙ�3B5 ®©¹ I Q � ²Ú P ÂÛÐ ÀÐ ± P � ± ~Z� P v ~Z� ��1��'¼½�'&/,¦,/.0,/G�?.>:);B��1�:);65B1��M,/;-�'&)(N1�G/:);-�+º`*BGH,/.>3B5BGH<����41�:);F*B3-< ®©¹ I Q Ë ²Ü P Ð ÀÐ � P Ä s È ~Z� ��3 ³ vv9° ´ Æ � 2>l`�41 v P � ± 5B1�� 79�41���:);-�43B5B1�:);Z,H�¿1�GH,'I ®©¹ I Q � ²KM1��Ý���',H@',H��Þ-2>&)(»�4�Z@'�41�<>, Ø 5B.0Î�G/1�:);u5B.>G%:);-�4(N1�G/:);-�Ý#%2>,H�43Z,/1�.>�ß.>*BG � ��3Z,H�41����43¿@4*BG/.>(N(»�43BGH�',H@','m9�41�3-�4(à?.>*-Î>�'&/�43��3Z,H�41��	Ä s ®½á 2>,H�43Z,/1��4�����Û¾�3-�'&/<�1�� á &/2ÅÌM.>GH,H�41���:);-�43â1�3"�41�3-�4(ã?.>*-Î>�'&/�43âÞ-�4��5 Ø @>I ä�IÝåß:); � �'&/�'¼½�4��5 Ø �4���'EF,H&)1�G/:);-�Þ-�4��5-�'& Ø	·'·'·6² *B3B5Ô�41�3-�4(æ1�3B3-�'&/�43ç��3Z,H�41�� ® � IÃ79�'&)( ²)Ø 5-�'&Ñè>2�(é1�3B3-�'&/�43ÌM.>G á .0&).>(»�',H�'&=79�41���:);-�43B5B1�:);Z,H�v .0l$;9?.>3-<>,'I"KM. Ü 1�(êÌM���41�:);-<>� � 1�:);Z,N1�3ë.>�����43ë79�41����43É5-�4GNÌM.>GH�4G»�41�3É*B3B5ë5-�43BGH�4��l`�43Å���'&/,N;B.0, Ø � �'&)5-�43�'è>�43Z,/*-�4����� &�?.>*B(N��1�:);-�	ì�.0&)1�.0,/1�2�3-�43=5-�'& á 2>,H�43Z,/1��4����� ¾�3-�'&/<�1��uÄ s 5B*-&):);Ñ<>�'�41�<�3-�',H�¿ì�.0&)1�.0,/1�2�3-�43=5-�'&8KM1�:);Z,H� vE>2�( á �43BG/1��'&/,'ILKM1��4G¦1�GH,�@>I ä�IB1�3Ñ5-�'&8��,/;B(»2�G á ;9?.0&/� 5-�'&¦ÞB.>��� Ø G'I���*-¼½<�.0l`��@4*-&¦l$.0&/2�(»�',H&)1�G/:);-�43Ûí�?2�;-�43-¼½2>&)(»�4�©Iî 3Z,H�'&/�4G/G/.>3Z,	1�GH,83-2ß:);A5B1�� &/�4��.0,/1�è>�¿¾�3-�'&/<�1��4G/:); � .>3-Eß*B3-< ®©¹ I � ² mïÑÄÄ P�QÄ w ~Z� � Ð ÄÐ � P�QÄ6ð ~Z� Ä P w ~Z�Ä P w �Ë � · ®©¹ I Q Õ ²Þ�?*-&	(N.0EF&/2�GHE>2 á 1�G/:);-�¿� q Q � � f 79�41���:);-�43=1�GH,85B.>G81�3=5-�'&	7%.0,	*B3B(»�'Î>l$.0&8Eß���41�3JI
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d�egfihkjld�enm2h IpoZqsr8tvuxw fy2z|{b}`~ C\[�MWIv�	]%Q#`BTX?�HMW�T�TI'MWK\[?ILC\�#I'M:U:PNQ?I'X�[�M:PNQ2K1I d M:X-[?ILC\��KFQ�GJEHO1q%Q#`BDCFIv�TEHX�[?ILCS_a`EHQ?I f BD]=�J��BTOSILCF�HMW]�K�OFM:PNQ[�BDCNB ~ O�b}`~ C�[�MWI�_a`EHQ?I'X�BD]%Q#`BTX?�HMW�T�TI'MWK�[?I'O�V ~ bcKF[?C ~ PF�TI'O}��YZPNQ#`BDK1�LI'X�YZMWI^[�BTGvMWK�[�MWI^_a`EHQ?I f������ BD]=�?]�I'M�[?ILC�[?ILCV ~ bcKF[?C ~ PF��X ~ C	X?EZPNQ�Q�BTUW]�O1Ev�TCFET��M:O1K��	MWI�B ~ b���ILILCFI'OFQ#`EHQ?IT�
�����:�p�n�n�Z� �2¡ A¢I'Q�BTX�[?I'U:XsYZMWISV ~ bcK�BTU:O£I'M:X?�TEHGJq�EHX?I'X2KFMW�TI'O�M:[?I'BTUWI'O^¤^BTO�GvMWK�[?ILC��#I'M:U:PNQ?I'X�GvBTOFO1I u �£¥	I'QZ¦GJI'X§YZMWIvBTX8�![�BD��V ~ bcKFOFPNQ�M:PNQ2K1I'X��TILCNOFPNQ�MWI'[?I'X?ILCS_a`EHQ?I��#I'M:U:PNQ?I'X�GvMWK1I'M:X�BTX�[?ILC�B ~ O1KFB ~ OFPNQ?I'X�8`EHX�X?I'X8��[�MWIx��KFQ�GJEHO1q%Q#`BDCFI�BD]�ILCvM:X§¨ ~ Q?I�M:O1K ~ X�[©BTU:UWIxV ~ bcKFOFPNQ�M:PNQ2K1I'XªM:G«¤^UWI'M:PNQ?�TIL�	M:PNQ2KGvMWK1I'M:X�BTX�[?ILC£OFM:X�[8�



��������	��
�������� �� ������ ����� � ��� �����	 "!�������	#$��&%'�'��� (*)

+, -/.0�13254�1�687:9 .;<13=�4>?;<@BAC7?@EDF468GIHKJ?47?1L4�MN4�1PO�0�6I1

QSRUTWVUT�XPRUTWY8ZS[8\*TWR^]`_�abY&cedf YIgPRUY<XPR^aPhSRUhSRUXPR^]iRUY�jKR^kCgPRUY8Z�TIliY	mnlo]opqhSRUhSRUXPR^]iR^k�[8\iR^kratsI[8\iR^]`u f TWR^]*TIatZSvKwyx
z{abR	jKR^kCgPRUY8Z�TIliY|_�abY8p}_�abRXPRUYIR^abTIs|atknvbRUTWVUTWR^]?c}Z�g~abTWR^v�poliY8[8\
� ]i� f gog~vtlo]ih�ZS]�R^at]���dZ�Y8kCRUX~ZSp����o�iabRUYITUx���R^]o]�poabR��
sWR^s&\oat]iYIR^at[8\iR^]op5hSY fS� atsWTU�i_�abY8p�sWR^at]�jKR^kCgPRUY8Z�TIliYIg~Z�Y8ZSkCRUTWRUY
�����~�N����L�y��� RUY8]oZS[8\ov�dZSsIsIabhSX~Z�Y?_'R^]oabh�poliY8[8\�piR^]��]iRUYW�
h�abR^ZSlosWTIZSlosI[8\FkrabT<piR^k�cedf YIgPRUY � RUY�dZS]opiRUYITUx
� ]oZSv f h5�o�iabRUYIT{krZS] poZSs{[8\iR^kratsI[8\iRCu f TWR^]*TIatZSv¡�Kat]opiR^k�krZS]
V^los¢dZ�TWV^vtat[8\�jKR^atvt[8\iR^]oZSlosWTIZSlosI[8\£krabT¤piR^k¦¥	ZSp£V^lov�dZ � T¨§©R^s
kFdf hSR	ZSlos|piR^]}h�vbR^at[8\iR^]ªjKR^atvt[8\iR^]}XPR^sWTWR^\iR^]L� _�abRpiRUY|cedf YIgPRUY�«8x
��R^atvLR^s&hSY fS� atsWTU�KdZS]opiRUYIT&sIat[8\`sWR^at]�[8\iR^kratsI[8\iR^s�u f TWR^]*TIatZSv
w ��¬ m?§ �~�N����~?� «PpoliY8[8\®piR^]}jKR^atvt[8\iR^]oZSlosWTIZSlosI[8\}krabT3piR^k
cedf YIgPRUY � RUY8]oZS[8\ov�dZSsIsIabhSX~Z�Y&_'R^]oabhix

Wärmebad: T 
Teilchenreservoir:  mm 

Körper

Teilchenaustausch

¥'R^atsWg~abR^vbR{¯°dliY&s f vt[8\iR?±$abTIloZ�TIa f ]iR^]L²
³q´ li¯©T&atk�µPatkrkCRUY}§¶cedf YIgPRUY�«XPR^a f�· R^]iR^k�¸iR^]osWTWRUY?§ � TI\ok f sWg~\KdZ�YIR � ¥	ZSp ¹�º&R^sWRUY � f abY�«
³ �atsIsI[8\ f vtvbRr§¶cedf YIgPRUY�«ZSli¯"Y8abR^sIabhSR^k�±�RURe§¶º&R^sWRUY � f abY�«
³q´ df sIlo]ih�sWh�vbR^at[8\ihSRU_�at[8\*T®»U»U»
�¼abY � RUYI¯¶ZS\iYIR^]�_�abR^piRUY � df vtvtabhCZS]oZSv f hrV^lok�vbRUTWVUTWR^]Fc}Z�g~abTWR^v¡x

½o¾y¿�½ À�Á�Â3ÃKÄNÅLÆ�ÂKÆÇ�È�É*Ê�Ë~È`ÌCÆÈ�Ë~Í¤Î'ÏÐË

�¼abY'XPRUTWY8ZS[8\*TWR^]�_�abR^piRUY'R^at]iR^]eXPR^vtabRUX~abhSR^]rÑ�ab��Y f V^losWTIZS]op FÒWÓ piR^s	cedf YIgPRUY8sUxy��Y'_�abY8pe¯©R^sWTWhSR^vbRUhST<poliY8[8\qpoabR
jKR^atvt[8\iR^]iV^ZS\ov  s f _�abRrR^at]iR^]Ô±$Z�TWV Ó _'R^abTWRUYIRUYCÕ{loZS]*TWR^]iV^ZS\ovbR^]L�KpiRUYÖsIat[8\×atkØZSvtvbhSR^kCR^at]iR^]�krabT  dZS]opiRUYITUx
z{abR}�]iRUYIh�abR}piR^s&cedf YIgPRUY8s<at]�poabR^sWR^k�Ñ�ab��Y f V^losWTIZS]op�sWR^a3Ù&Ú?§  «8x
Û�k�krab��Y f ��ZS] f ]oatsI[8\iR^]��]osWR^kÖX~vbRrpiR^s}Z�XohSR^sI[8\ov f sIsWR^]iR^] dÜ�XPRUY8sWÝ$sWTWR^krs®��ZS]o]×poabR^sWRUY?µPlosWTIZS]op�krabT}ZSvtvbR^] RUYW�
YIR^at[8\*X~Z�YIR^]ªÑ�ab��Y f V^losWT¢dZS]opiR^]ÖpiR^s|¥	ZSpiR^s|V^liY|jKR^atvt[8\iR^]iV^ZS\ov ?�Ô�¼ÖÞtßàÞ�á} lo]op}�]iRUYIh�abR �y�Ô�¨�|ÞtßàÞ�á Ù&Úª§  «
� f kÖX~at]oabRUYIT	_'RUY8piR^]Lxz{ZSs�sIat]opeâ � § �y�	ÒI?� «&±�TSdlo[I�Nx
¸�dliY�sWR^at]iR®ã?dZSl$�~hS�SR^abT&h�atvbT&ZSvts f

ä Ú?§  «�åæâ � § �|ÞtßàÞ3á Ù&Úª§  « ÒIÖÞtßàÞKáÔ « ��ç^è^é3êtë�ì í�ì¡î~ï~ð�êbñ'ò¶ó ñLì í�ìÐîNñ'ò×ô|õöW÷©ø^ùÐ÷oú8û ùÐü ý�
ç^è^éLêtë�ì í�ìÐó ñLì í�ìþò¶îoÿ*ê ï~ðêbñ'ò¶î � ñ'ò�� � � å ç�îoÿ*ê ï~ðêbñ'ò¶î � ñ'ò »

� f Y8krabRUYIT&krZS]`] f [8\L�os f RUYIh�abXoT&sIat[8\`poabR
� Y fS� ��ZS] f ]oatsI[8\iR��yRUYITWR^atvtlo]ih ä Ú?§  « �	�
 R��$g�� w �á Ù&Úª§  «

¬ m  krabT�
 ���
ñ

�
Ú
ç ÿ*ê � ñ<î~ï~ð'êbñ'òþò § ��� x � «

z�RUY�� f Y8krabRUY8lo]ih�sW¯¶Z���T f Y�
�_�abY8p5hSY fS� RCµPlosWTIZS]oposIsIlokrkCR hSR^]oZS]o]*TUx ���
z{abR^sWR��yRUYITWR^atvtlo]ih�h�abXoTypoabR'�×ZS\iY8sI[8\iR^at]ovtat[8\i�SR^abT&§©YIR^vtZ�TIa � R&ã?dZSl$�~hS�SR^abT°«|ZS]L��piR^]Ccedf YIgPRUYyat]ªR^at]iR^k�XPR^sWTIatkrkÖTWR^]
Ñ�ab��Y f V^losWTIZS]op Ó V^liY{jKR^atvt[8\iR^]iV^ZS\ov  V^l`�N]opiR^]L�i_'R^]o]FRUY�atk � vbR^at[8\ihSRU_�at[8\*T�krabT&R^at]iR^k���dZ�Y8kCRUX~ZSp�lo]op
jKR^atvt[8\iR^]iYIR^sWRUY � f abY&piRUY�jKR^kCgPRUY8Z�TIliY<mnlo]opqkrabT&piR^k�[8\iR^kratsI[8\iR^]`u f TWR^]*TIatZSv3wÔatsWTUx
Ñ�abTWTWR^vb_'RUYITWRÖlo]opF±$[8\*_	ZS]i�$lo]ihSR^]�g~\*Ý$sIab��ZSvtatsI[8\iRUY � Y�dfS� R^]`RUYIhSRUXPR^]`sIat[8\`poZSkrabT<_�abR{hSR^\oZ�XoT

����� ² ���
ñ�ó Ú

ä Ú?§  « � Úª§  « lo]op � � ���  � � á �!��� �#" ��$ �!� � � á �!��� � » § ��� x ) «%�&('*),+*-/.�),021�3�.546.7+�89.7: +#.7+*;<+�3�.>=�?!021#: .�4�@>A�: ?!021#.7+�46.7BDCE),F : G,=2),H#1#: ?!021#.7+�IKJ#+L4�46.7BDGE.>A5MN 1#+#F : 021#.7+PORQ
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+-,/.�0213�4 .6587 3:9<;>=>9@? 5BADCDEGFH5 =H4 5BIJ5 4LK ,/A 4NM 5BFH5 = F>AO5 4 A =QPSRUTWV@XY9 AO5 ? 5B.6Z[5 4G3�\L;H4 1; 7[5 4]9 5 =_^"3�4G3 .65 \ 5 4a`;>=>9b9>3 I�EGFH5B.cADILEGFH5 ^ , \ 5 =*\ A 3 Ced@5BA =gf'hY3�4 1; 7[5 4 F>A =>3:; I	Fe13:=HM 5 =i9 AO5]j = 5 4LM AO5 =lk&RUTWV@X	;>=>9b9>3 .cA \&3:; EGF 9 AO5m�A \J\ 5BCOn'5 4L\ 5 ;>=>9io EGF*n 3:=Hp$;>=HM 5 =l= ,$EGF K ,/.�qr1, 4 Z[5 4LK ,/C ; .65 =is�3 7 TW= ADEGF \ 5ut$ZvCDAOwBA \S3:; I M 5BILEGF 4 AO587[5 =xXGf

y{z |Qz~}�� �������W�J�����L���J�����u�

m 3:=�p�3:=>=�9 AO5BI 3:; EGF 3:;$�g3 ILIJ5 =�3 CDI 9 AO5�m�A \J\ 5BC ;>=HM 1; 7[5 4�9>3 I�IJ, M 5 =>3:=>=$�\ 5 M:4 ,:� p�3:= , = ADILEGFH5�j = IJ5B.�7vCO5 f�h AO5BIJ5BI�j = IJ5B.�7vCO567[5BI \ 5BF \�3:; I ;>= w*13 F>CDA M 5 =K , = 5BA =>3:=>9 5 4 ADIJ,/CDAO5 4L\ 5 =�hY; ZvCDA p�3�\ 5 =�9 5BIYqr1, 4 Z[5 4 I�.cA \�K 5 4 ILEGF>AO5 9 5 = 5 =Q? 5BADC �EGFH5 = w 3 F>CO5 =iV�;>=>9 A =bK 5 4 ILEGF>AO5 9 5 = 5 = m�A p�4 ,:w ; I \ 13:=>9 5 =l�@fS� CDCO5 ? 5BADCDEGFH5 =$�w 3 F>CO5 =�V�p ,/.c.65 =�K , 4�;>=>9 w ;�� 5 9 5 4�? 5BADCDEGFH5 = w 3 F>C 3 CDCO5lm�A p�4 ,:w ; I \ 13:=>9 5�@f�h AO5 4 5BC 3�\ A K 5]�U13:;$�vM:p 5BA \&9 5BI	+-, 4Lp ,/.c.65 = IS5BA = 5BI p , =Hp�4 5 \ 5 =lVi�J� n�A 4G99>;H4 EGF 9 5 =l >3�p�\ , 4
5ut$Z�¡ d V�¢<k&RaTWV@X£*¤ ¥ T�¦8§$f ) X

M 5 M 587[5 =gf m 3:=�= 5 =>=*\_9 AO5BIJ5 = ,:¨ \ª© AO7>7vI �« >3�p�\ , 4 =>3 EGF 9 5B.¬7[5 9 5 ;H\ 5 =$�9 5 = 7 4 A \ ADILEGFH5 =�o�\L3�\ ADI \ A p 5 4	;>=>9 m�A \ 7[5 M:4 1;>=>9 5 49 5 4 ZvF*$ILA p�3 CDADILEGFH5 =�® FH5B.cAO5¯ f 0 f[© AO7>7vI fhY3 A =�9 5 4'M:4 ,:� p�3:= , = ADILEGFH5 =b© 5BI 3 . \ FH5BA \S3 CDCO5�m�A p�4 ,:w ; I \ 13:=>9 5 M CO5BADEGFH5 4 j = 5 4LM AO5�w ;�M 5 M 587[5 = 5 4S? 5BADCDEGFH5 = w 3 F>CM CO5BADEGF_Fe13:;$�vMbK , 4Lp ,/.c.65 =g° 13:=>9 5 4L\ ILADEGF 3:; EGF 9 AO5BIJ5 © 5BI 3 . \ FH5BA \ n�AO5cILEGFH, =_9 AO56.cA p�4 , p�3:= , = ADILEGFH5Uw85BA \ CDADEGF= ADEGF \8f



��������	��
�������� �� ������ ����� � ��� �����	 "!�������	#$��&%'�'��� ()(*,+.-0/ 1�2436567&8.9;:=<>3656?$8.@>@;AB�CDCFEHGJILK�ILMDGJILMDGLN.OPE;QSRMFT)E;QUGLN.OUK�VWIJE;QSX)YZQ\[^]Y)_L`aEb_.QcT)EbT)EbdaE;QPEb_fegE;hi`aEb_.K�ILjP_lkmjUQUncT)EbT)EbdaE;QPE;Q\N.OPE;hlMDGLN.OPE;Qo Y)IJE;QpILMDK)CDG&qsrt]YZQUQPE;QuGJYZhlMFI&K)jUG&nPE;hvT)_LY)w)r�K)QPYZQUMDGLN.OPE;QuRQUGJE;hxd,CFEyK�dUT)E;CFE;MFIJEbI&z'Eb_.nPE;Qt{[|YZQPr}_LEbI~T)E;GLN.OUMFE;OpI�nUK)G�]jPdaEb_&nUK)G&GJY)T)E;QUK)QUQpIJEx�,�6�,�a�$�,�g�=���W�;���g�����U���$�=�6�W�,�
�y� k��>���Jq��'� �����pkHCDQ&� � k��>���Jq�������pk�CDQ&�� ¡�0¢£E¥¤$`�¦ q¨§��ª© ¢ � §H�>����pk « ��¬b { ( �
® K)G|MDGJI�E;MDQ�ILOPEb_.hiY$nP¯$QUK)hlMDGLN.OPE;G o Y)IJE;QpILMDK)C4°¨nt{ Ot{F°¨K)CDCFE±K�d,Og]K)QPTZMFT)E;Q²ILOPEb_.hiY$nP¯$QUK)hlMDGLN.OPE;Q²³�_6]Y)w)E;Q�jUQUn�nUMFE´ Ebµ;MFE;O}jUQPT)E;Qcµbz�MDGLN.OPE;QSMDOUQPE;Q¶CDK)GLGJE;QcGLMDN.OcK)jUG^nPE;GLGJE;QcB�d,CFE;MFILjUQPT)E;QcQUK)N.OSnPE;QcjUQUK�d,Og]K)QPTZMFT)E;Q¶·�K�_.MDK�d,CFE;Qk��>���Jq�d,MDCDnPE;Qt{

egE;MDCDN.OPE;QPµ;K)OUC4�u¸4§s¹ � ¬� � �º ¢ §²»b¼p½ ¾  ~¿,À,Á ½  'ÂÃÂ � ¬Ä �²Å ¾ �����pk Å ¾ CDQ&�����ÆÅ �Å q ��¬b { ÇZ�
RQPEb_LTZMFE)�	È�� �É¸Ê©�¹ � ¬� � �º ¢ © ¢ � §s��»b¼p½ ¾  ~¿,À,Á ½  'ÂÃÂ � ¬� � �º ¢ � q¨§�� Å ¼ �$»b¼p½ ¾  ~¿,À,Á ½  'ÂÃÂ� q^¸Ê§s¹g� Å ¼ CDQ&���\q^¸Ê§s¹¨Ë¶�pk�Ì Å)Í CDQ&���\q^¸Ê§s¹¨Ë¶�pk � Å)Í � k²CDQ&�Î�ªCDQ&���� � �sk Å �Å k ËÏq^¸4§s¹ ��¬b { ÐZ�RQpIJ_LY)`,MFE)� Ñ ½ÓÒ>Ô Õ Â� ���y� �º ¢^Ö ¢ � §s��×�CDQ&»b¼p½ ¾  ~¿,À,Á ½  'ÂÃÂ �ªCDQ&�xØ
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���!ñ î+õ î
ùØñ ögí�����ñ î��Ãî+õ õ î+ö�� øµö��Jò�ñ ��öµî+ö�þ+ø�ôTï�����î+ö�û¯ùØñ ögí�óTõ õ î�ïrí9ñ öµô�ù ï�úóTøµÿZõ ñ 
���ùØî��9ïGóTøµùØô�îHí9î��µöJò øµögí��~î�ïrí9î+ö���î+ñ7î+ögí9õ ñ 
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��#�gó�ïØò�î+ñ õ 
��µî+ö'þ+î�ï�ùfò�ú�TïØò$�%�·ó�í9ø9ï�
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��Jò�þ+ø&���	�µî(�`î+ÿ*)�î�ïró�ò�ø9ï�î+ö�û,+.-0/'1µí/òró�ò�ùHúó�
��µõ ñ 
��"��î�ï�ögó�
��µõYúóTùØùØñ ô	�gó�ï$�
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\�]_^a`�]cbd`8egf8eg`�]_hI`�ij^a`�]lknmpo,bd`�q�rV]asp`�]_t[ijbjbIiju,v_wxiju,vcwxide�y�rVzp]{eg`�]as|zpqg`�]_hI`8}~zpq�qg`�]Y����zpq�q�ij]V^c��zpqg`�ij]l`�ij]a`�w
�z�o,zpw�`8eg`8o�hI`8o�`�iju,vY�ij]�^a`�wF^Vid`�y�rVzp]{eg`�]V]Vz�e�rao�^a`8o���`�ijbju,va`�]�^Vz�f�r�};�rVvao�e8��^Vz��cq�id`xq�iju,v�qg`�bdh*qgeT^Vzp]V]�]Viju,v{e
rV]Vz�h*v��zp]as|ids��pm|]a`�ij]Vzp]V^a`8onhI`8t�`8sp`�]��Y�m|]V]a`�]Y�|t�`�]V]�^Vid`�`�bd`8��ego,ijq�u,va`�]�rV]V^�qgm|]Vqge�idsp`�]!��`�u,vVqg`�bdt[ido��=rV]as|qg��o'�z�}�eg`
f8t[ijq�u,va`�]�ijvV]a`�]��p`�ij]a`��$m|bjbd`[qg�*id`�bd`�]Y���id`�qg`�]�k�id`�bdeg`�ijbju,va`�]=��y�rVzp]{eg`�]a`��I`8��e�vVz�hI`[iju,v�ijw�bd`8egf8eg`�]_��`�w�`�qgeg`8o�ij]
^a`8oTy�rVzp]{eg`�]Vw�`�u,vVzp]Vid�c]Viju,v{e[hI`�vVzp]V^a`�bde8�[\�u,v	t�`8o,^a`!^Vid`�q[ij]	^Vid`�qg`�wK�Tz��*ideg`�b�]Vzpu,vVvam|bd`�]	rV]V^c^Vzp]V]	ij]c^a`8o
bd`8egf8eg`�]_knmpo,bd`�q�rV]as�}~rV]V^Vzpw�`�]{e�zpbd`T��m|]Vqg`���ra`�]af8`�]�};�rao$^Vid`���e�z�e�ijqge�id�lqgm|bju,va`8o����=qgeg`�w�`ThI`�vVzp]V^a`�bj]Y�
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��id`�rV]Vq�rVw�sp`8hI`�]V^a`!´	z�eg`8o,id`!t[id`�zprVu,vµt[ido�´c`�]Vq�u,va`�]�qg`�bdh*qge�q�ij]V^chI`8��zp]V]{e�bjiju,v	vVzpra�Ve�q¶�zpu,vVbjiju,vµzprVq�·�bd`8�{�
ego�m|]a`�]Y�V��o�mpegm|]a`�]�rV]V^l¸[`�raego�m|]a`�]lf�rVq�zpwxw�`�]asp`�qg`8egf8e8���¹idoºhI`8ego,zpu,v{eg`�]_]�rV]�`�ij]lhI`�bjid`8h*idsp`�qº���=qgeg`�w»zprVqº¼
qgm|bju,va`�]_��`�ijbju,va`�]Y�
¸�zpu,vl^a`�]���o,ij]af�id�*id`�]!^a`8oºy�´¾½~q8�n�Tz���� ¿T^a`8oºy�´_������o,id�Veg`'À�t[ido,^x^a`8oºÁIrVqge�zp]V^�`�ij]a`�q�qgm|bju,va`�]����=qgeg`�wxq�s|zp]af
zpbjbdsp`�w�`�ij]c^Vrao,u,v_`�ij]a`���`�bjbd`�]a}~rV]a��e�idm|]	Â�½~Ã|À�hI`�q�u,vao,id`8hI`�]Y�*^Vid`T�pm|]µ^a`�]	��m�mpo,^Vij]Vz�eg`�]_Ã�ÄÅ½~Ã�Æ8Ç�Ã�È'Ç8É8É8É�Ç�Ã¶Ê�À
zpbjbd`8o���`�ijbju,va`�]Tz�h*v��zp]aspe8���id`���m�mpo,^Vij]Vz�eg`�]TÃ8ËV^a`�q���`�ijbju,va`�]Vq�Ì:`�]{e�vVzpbdeg`�]�^Vz�hI`�i|]a`8hI`�]T^a`�]���m�mpo,^Vij]Vz�eg`�]cÍÎ Ë�Ä
½�Ï*ËÐÇgÑpË�Ç�Ò�Ë.Àº};�rao[qg`�ij]a`�Ó���o,zp]Vq�bjz�e�idm|]Vqg}�o�`�ijva`�ide�qgspo,zp^a`�ijwÔzpbjbdsp`�w�`�ij]a`�]_]am=u,vct�`�ideg`8o�`�k�z�o,ijz�h*bd`�]_};�rao$`8�p`�]{e�ra`�bjbd`
ij]V]a`8o�`�Õao�`�ijva`�ide�qgspo,zp^a`p��Ö�`�i�rV]Vqg`8o�`�]×��`�ijbju,va`�]Cijqge!^Vzpq�`�ij]a`����*ij]a�pm�mpo,^Vij]Vz�eg`�Ø¹wxide!¿	wc�mps|bjiju,va`�]×��`8o�eg`�]
Ù!Ú¶Û ¿�� ÜgÜ
�¹ido�`8o,ij]V]a`8o,]crV]Vq[t�`�ideg`8o�zp]µ^Vid`���o,ij]af�id�*id`�]_^a`8oTy�´ÞÝIÖ�`�i�t[id`�^a`8o,vam|bdeg`�]	´c`�q�q�rV]asp`�]	^a`8o���`�ijbju,va`�]a�pm�mpo,^Viß�
]Vz�eg`�]µÃ�qgego�`�ra`�]	^Vid`!´c`�q�qgt�`8o�eg`p��zprVu,vµt�`�]V]µwxzp]µ^VzpqT���=qgeg`�wK�pmpoT^a`8o�´c`�q�q�rV]as�ijwxw�`8o�t[id`�^a`8o�`�àaz���e�ij]
^a`�]Þs|bd`�iju,va`�]áy�rVzp]{eg`�]af�rVqge�zp]V^CÂ�½~Ã|À�f�rao|�rVu����p`8o,qg`8egf8e8�µ��id`�qg`_��ego�`�rVrV]ascijqge�z�hI`8o!]Viju,v{e��Y�m|bjbjids_t[ijbjbd���rao,bjiju,vY�
qgm|]V^a`8o,]�^Vid`!o�`�bjz�e�id�p`xâ!�zpr=ã*sp�p`�ideT^a`�qTä�ra}�ego�`8eg`�]Vq�hI`�qge�ijwxw�eg`8oT��m�mpo,^Vij]Vz�eg`�]{t�`8o�eg`xÃlijqge��Vo�mp�Impo�e�idm|]Vzpb�f�rVw
Ö�`8ego,z�s|q���rVzp^ao,z�e�å Â�½~Ã|À8å È ^a`8o$��`�bjbd`�]a}~rV]a��e�idm|]Y� Ü�æ
��`�]V]¹]�rV]ç^Vid`	��m�mpo,^Vij]Vz�eg`�]çÃ�ÆYÉ8É8É,Ã¶ÊKsp`�w�`�q�qg`�]¹t[rao,^a`�]Y�ºqgmáva`�id�pel^Vzpq8�$`�ij]ç��`�ijbju,va`�]�t�z�o�hI`�i[Ã�Æ8�[`�ij]
t�`�ideg`8o�`�q$hI`�iYÃ�È�rVqgtT��´	zp]���zp]V]_z�hI`8o[]Viju,v{e$q�z�sp`�]Y�Vt�`�bju,va`�q[��`�ijbju,va`�]�t�`�bju,va`���m�mpo,^Vij]Vz�eg`�]�vVz�egeg`p�
��`�]V]�wxzp]µt[ijq�qg`�]ct[ijbjb2�:t�`�bju,va`�qT��`�ijbju,va`�]µt�`�bju,va`x��m�mpo,^Vij]Vz�eg`�]µvVz�e8��w�ra��wxzp]�]a`8hI`�]µ^a`�]���m�mpo,^Vij]Vz�eg`�]
]am=u,v�`�ij]a`�t�`�ideg`8o�`�·�idsp`�]Vq�u,vVz�}�e[w�`�q�qg`�]Y�V^Vrao,u,v�^Vid`Tq�iju,v�^Vid`T��`�ijbju,va`�]�rV]{eg`8o,q�u,va`�ij^a`�]Y�
��zpq[z�hI`8o��Vt�`�]V]l`�ij]Vidsp`T��`�ijbju,va`�]_ij^a`�]{e�ijq�u,v�q�ij]V^_è
��bd`�iju,vVz�o�e�idsp`T·�bd`�w�`�]{e�z�o�eg`�ijbju,va`�]Y�Vfp� Ö��*·�bd`8��ego�m|]a`�]Y�VrV]{eg`8o,q�u,va`�ij^a`�]_q�iju,v�^Vrao,u,v_]Viju,v{e�q$w�`8�ph*z�o�`�q8�
��`�]V]�`�q��=bjzpq�q�ijq�u,va`[��`�ijbju,va`�]�t��z�o�`�]Y�{�Y�m|]V]{eg`�wxzp]�q�id`�]am=u,v�^Vrao,u,v�ijvao�`$kn`8o�s|zp]asp`�]Vva`�ide��pm|]a`�ij]Vzp]V^a`8o�rV]{eg`8og�
q�u,va`�ij^a`�]Y��ép`�^a`�qº��`�ijbju,va`�]�vVz�e$qg`�ij]a`�ij]V^Vid�=ij^Vra`�bjbd`ºÖ�zpvV]a�=rao��p`p�V^Vrao,u,vl^Vid`�`�q$q�iju,v�ê�f�rVwxij]V^a`�qge��Vo,ij]af�id�*id`�bjb{ê
�pm|]c^a`�]�zp]V^a`8o�`�]_rV]{eg`8o,q�u,va`�ij^a`�]_b£�z��pe8�
\�]l^a`8o�y�rVzp]{eg`�]Vw�`�u,vVzp]Vid�xs|idhVe�`�q�t�`8sp`�]_^a`�qºë�]{hI`�qge�ijwxw�e�va`�ide�qg�Vo,ij]af�id�*q�z�hI`8o��p`�ij]a`�Ö�zpvV]a�=rao��p`p��ì�mps|ijq�u,va`
��m|]Vqg`���ra`�]afTijqge$^Vzpq

í$î'ï�ð~ñ=òdópð.ô \�^a`�]{e�ijq�u,va`T��`�ijbju,va`�]_q�ij]V^lij]�^a`8o�y�rVzp]{eg`�]Vw�`�u,vVzp]Vid�lrV]�rV]{eg`8o,q�u,va`�ij^ah*z�o��
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A
BDC(EGF>H<E*I(CKJMLNLOC(E*BQP3E*RSJMBUTWVSBUTXE*BQY[Z\ BUTXE*BQRSJ]E_^�J]TXE*BSIK`�Y \�a C(E*BQE*JMBUE*I
b \ I(E*I9E*BDCKIK`�YUE*JMRUE*BSRcR \*dXe B \ Hgf e HhRSJ]Eb \ I(C(E*JMiM`�YUE*BcjUEGF�LNJ e BUE*B e RUEGF>P e I e BUE*BcIKJMBSRkfUL \ BQI(lSF�JM`�YDC9R \ BSB dXe BnmoV \ BDC(E*BUT \ I(E*Bkp
q�r�stq uwvSxDy{z}|�~��������[��vU�[vSxX�Xv�zt�t~����
�{J]F@H<EGC(F \ `�YDC(E*B�E*JMBQb \ I \ VSI�E*JMBUEGF
� e FKC(E�JMRUE*BDCKJMIK`�YUEGF9�[E*JMiM`�YUE*Bkp�b \ BU� e YSBUEo��E*`�YSI(E*i]�>J]FK��VSBUT��NZVUF�RUE��(E*RUE*I�[E*JMiM`�YUE*BhR \ VUEGF�Y \�a C
JMBQE*JMBUE*L�RUEGFo^�JMBDC(E*JMiM`�YUE*B��!�<VSI(C�Z\ BSRUE_��IKJ]C(�GE*Bkp>�hJ]C>��E*`�YSI(E*i]�>J]FK��VSBUTN�,BSRUE*BcYSJMBQVSBSR�>J]E*RUEGF���C�ZeX� EnI(C \ C(CGp �oJ]E*I(E d EGFKC(E*JMi]E*B¡RSJ]Ec�[E*JMiM`�YUE*B¢�G�>JMIK`�YUE*B¡RUE*B{�<VSI(C�Z\ BSRUE*B£VSL�p¤� \ RSVUF�`�Y¡� \ BSB£IKJM`�YE*JMB�boi]E*JM`�YUTXEG�>JM`�YDC
E*JMBSI(C(E*iMi]E*Bkp>�oJ]E¦¥�Z\ V���TX�XE*J]C�RUEGF_��C�ZeX� E�Y[Z\ BUTXC dXe BnRUEGF_��C�Z\ FK�XE�RUEGF
��E*`�YSI(E*i]�>J]FK��VSBUT \ Hgp�{J]F
H<E*IK`�YUF�Z\ BU�XE*BnVSBSI \ V a YSJMBUFKE*JM`�YUE*BSRQIK`�YD� \ `�YUE���E*`�YSI(E*i]�>J]FK��VSBUTUfkI e R \�� JMB��(E*RUE*L§�,E*J]C(l�VSBU��C a}\ I(C \ iMi]E�[E*JMiM`�YUE*B£JMB¢JMYUFKE*L¨^�JMBDC(E*JMiM`�YUE*BU�*VSI(C \ BSR¢IKJ]C(�GE*B£VSBSR¢B�VUF�E*JMBUE d EGF�B \ `�YSitZ\ IKIKJ]TXH \ FKEQ�hJMBSRUEGF�YUE*J]C¦TXEGF \ RUEcLNJ]C��C�ZeX� E*BQH<E*IK`�Y[Z\�a CKJ]TXC>JMI(CGp�{J]F�TXFKE*J a E*B¦B�VSBOE*JMBUE*BOH<E*iMJ]EGH�J]TXE*BO^�JMBDC(E*JMiM`�YUE*B��!�<VSI(C \ BSRO©OLNJ]C�RUEGFw^�BUEGFKTWJ]E3ª�«9YUEGF \ VSIGp�¬
iMi]E3�[E*JMiM`�YUE*B¦JMBORSJ]E�I(E*L®E*JMBUE*B��<VSI(C \ BSROH�JMiMRUE*B�E*JMBO��i]E*JMBUE*I[�[E*JMiMI(¯�I(C(E*L®RUE*Iwb \ I(E*IGpw�oVUF�`�Y�RSJ]E���C�ZeX� E@Y \ C�E*I�IK`�YD� \ `�YUE*B��[E*JMiM`�YUE*B��VSBSRQ^�BUEGFKTWJ]E \ VSI(C \ VSIK`�YcLNJ]C>RUE*L�F�J]E*IKJ]TXE*BQ°9E*I(C
RUE*Iob \ I(E*IGf<RUEGF \ iMI9E*JMBQ��Z\ F�L�EGH \ RhVSBSRQ�[E*JMiM`�YUE*BUFKE*I(EGF dXe J]F�>J]FK��CGp�oJ]E*I
JMI(C9TXE*B \ VnRSJ]EOJMBQ± \ l�J]C(E*i�² �´³ ±�Ze FKl<EGF
JMBQ��Z\ F�L�EGH \ RhVSBSRc�[E*JMiM`�YUE*BUFKE*I(EGF dXe J]F�µ�H<E*Y \ BSRUE*i]C(E���J]CKV \ CKJ e Bkp^�BDCKI(lSFKE*`�YUE*BSR�H<EGC(F \ `�YDC(E*B¶�>J]F3R \ I�TXF eX� � \ B e BSJMIK`�YUEo· e C(E*BDCKJ \ ikRUE*I3�[E*JMiMI(¯�I(C(E*LNI�RUEGF��[E*JMiM`�YUE*B¶JMB��<VSI(C \ BSR¶©,p�<VN�(E*RUEGF¦� \ YSi�¸ dXe B¹�[E*JMiM`�YUE*B�JMBhRSJ]E*I(E*Lº�<VSI(C \ BSRhTWJ]HSCoE*I�B�VUFoE*JMBUE*B��hJ]��F e �*VSI(C \ BSRnRSJ]E*I(E*I��[E*JMiMI(¯�I(C(E*LNIVSBSR�RUE*IKI(E*BQ^�BUEGFKTWJ]E�JMI(C@TXEGF \ RUEO¸¼»*ª�«Dp�� \ LNJ]C9itZ\ V a C9RSJ]Eo���!��VSLNL�E_JMB¹½!² � p ¾�¿@i]EGEGF*À ÁKÂ

Ã «�Ä®Å
©DÆhiMB9Ç@«oÄ®Å
©DÆhiMB>ÈÊÉ�ÈtË¨ÌGÍDÎ Ï É@Ð�Ñ�Ò Î É3ÓÔÓ Ä®Å
©DÆhiMB>ÈÊÉºÌGÍDÎ Ï ÐSÕ(ÖÓÔÉ × ½!²*Ø�pM²�¿
�oJ]E��3E*J]C(EGFKEO¬
VSI(�3EGFKCKVSBUTNVSBDC(EGF�IK`�YUE*JMRUEGC9IKJM`�Y a ZVUF9jUEGF�LNJ e BUE*BQVSBSR�P e I e BUE*BkpP3E*JgjUEGF�LNJ e BUE*BQitZ\ V a C9¸º�3EGTXE*BcRUE*I9· \ VSiMJ]lSF�JMBU�*J]l�I�B�VUF�ZVUH<EGF9RSJ]Eo��EGFKC(E � VSBSR�²�f \ iMI e

Ã «�Ä®Å
©DÆhiMB¶ÙW²�Ú¢ÌGÍDÎ Ï ÐSÕ(ÖÓ�Û × ½}jUEGF�LNJ e BUE*B,¿ ½!²*Ø�p ÜW¿
P3E*J3P e I e BUE*B´YSJMBUTXEGTXE*B´L¦V � RSJ]ENTXE e L�EGC(F�JMIK`�YUE�°9E*JMYUENH�JMI¦Ý \ H�IKVSLNLNJ]EGFKC��3EGF�RUE*BkpQ� \ I¦� e B d EGFKTWJ]EGFKC a ZVUFÞ�ß ª�«¦VSBSR�TWJ]HSC

Ã «�Ä Ú�©DÆhiMB¶ÙW²�Å´ÌGÍDÎ Ï ÐSÕ(ÖÓ�Û × ½}P e I e BUE*B,¿ ½!²*Ø�p ØW¿
� \ I>TWJMi]C a ZVUF��(E*RUE*BQ^�JMBDC(E*JMiM`�YUE*B��!�<VSI(C \ BSRQ©,p@� \ RSJ]E*I(EOI(C \ CKJMI(CKJMIK`�YcVSB \ H�Y[Z\ BUTWJ]TNIKJMBSRkfUEGF�Y[Z\ i]C9L \ BcR \ I9TXF eX� �� \ B e BSJMIK`�YUE_· e C(E*BDCKJ \ i[RUE*I@TXE*I \ LOC(E*B�b \ I(E*I9E*JMB a}\ `�YcRSVUF�`�Y�¬>H�IKVSLNL \ CKJ e B´ZVUH<EGF>©,À

Ã Ä È « Ã «oÄ à�©DÆ�È « iMB�ÙD²�á¢ÌGÍDÎ Ï ÐSÕ(ÖÓ�Û â jUEGF�LNJ e BUE*BP e I e BUE*B ½!²*Ø�p ¾�¿
�oJ]E_LNJ]C(CKi]EGFKE_�[E*JMiM`�YUE*BSRSJM`�YDC(E_JML�b \ I9�>J]F�R�R \ LNJ]C

ã À Äåä ¸�æç Ä®Å ²ç¡è Ãè Þ
Ä á ©DÆç È « á
é�Ì ÍDÎ Ï ÐSÕ(ÖÓ²3á¢Ì ÍDÎ Ï ÐSÕ(ÖÓ Ä ²ç È « ²Ì ÍDÎ Õ(Ö*Ð Ï Ó á{² Ä ²ç È «ëê « × ½!²*Ø�p ìW¿

í#î!ïñðtò %-� ò ��ó�ô(õ�-$oô�"� !ö�ó�ôK÷9$�. �!ø9ô�$�ó>ó��!$ ï $�ó��Êù>ú>ø@. û[ó��Ê�[ü,�-� û�ý!ø9ô�$�$�þÔÿw�-$� }ûtô�$Gû��wú>õ�Ê���<� ðtò  #�!� û()
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L&M�N ��PO�Q(R S�TGU M�VXW�Y[Z)\ � ] ^ �*! : �`_�J�')�*! $ 25<>= ^ �*! : �`_a����! $ <b_[CD�*!E "���-/-25, %��JK4"�P_�J�')�*! $ 25<>=1��JK4"�P_ac��-,54" "���-,�_[CD�*!E "���-/-25, % T ��dIe � Y
������f3���-')��,gCD�*!E "���-/-25, % 4"FG25,)HI E��JK,)��,825,@ "�*!>4E<>=)���-')��,B4E�-<>=B,I2)!h'52)!><>=i' $ 4+CDJ;!E.*���-<>=)��,1')�*! � � :kj ��,5,)�*! e � $ 4�-4" l���-,8H�/����-,)�*!+m
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25,5'1= $  
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� :�� � : �� �� � � � ��!>' L&M ���-,)���I E2)F���,)FG25,)HI E��JK, e�� /-/��03254" 6#$ ,5')� : �� (U MX� W 4E�-,5'�' $ ,5, : �� % ��, $ 2����-,)� :¡ ���-/-<>=)��,¢f3��4"�* ".* � $ /-/�� : �� gU M¤£¥W 4E�-,5'¢/��*�*! e �����Fb#2)!(� � �X=?#JK<>=54" "�if3��4"�* ".* "�1c�,)�*! % ���i=)����n; ^ �*! : �`_c�,)�*! % ����U6¦ e������')�*!l§�¨ª©�s@xzsIt6{6s�vG|G}�~?�B�-4" �' $ 4�CDJ;!E.*���-<>=)��,i')�*! � � :«j ��,5,)�*!l,)� %K$  E��� e � $;: �� L&M Fb#2)! $ /-/���7AQ3JK4E�� E���A25,5'��,5'5/-�-<>=gfª/�����f5 � : 2)n % ��/� "��, WX� : �-, M U M eD¬ ��,5, W '5�-<>=@ l25,@ "�*!+')� :® �-,5� : 2 : ')�*!+c�,)�*! % ����,8�-4" ��� ��!>'8'5�������4"�* ".�25, % ')�*!l E���*FG4" "��,�03254" 6#$ ,5')��4"��=)! % !EJ;n e

������f3���-')��,iCD�*!E "���-/-25, % 4"FG25,)HI E��JK,)��, � �*!>')��,1�-,1')�*! � f5fª�-/-'525, % �;�*! % /-�-<>=)��,¯T $ 254
')� : o��� " "��/�R � ZGY e �
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ÆÈÇÈÉ�Ê>Ë�ÌKÍÎ Ë�Ë*Ï[ÐrÑ�Ò ÐÈÓ�ÐÂÒ Ë*Ô3ÐÂË&Õ6ÐÂË@ÖKÕ�ÊE×hÔ±Ò Ó�Ò Ë�ØrÊ>Ù�Ò Ï[ÐÂÚ5Û+Õ6Ò Ð�Ü Î Ú Ï[ÝÂÞ+Ê>Ë�Ë�ßPÐÈÓ´Ï[ÐÂÒ Ú à�Ë�á+â±ã�ä�åPæ&ç*è&é�ê-Û�ë ìEí±î[Íà6ÓlïaðÈñ òyðÂïÈò ó*ð?ØlÍÎ Ó[Ù;ÐÈÓÒ ÞwôXÍÊEÓ[ÞlÐÂõ&ÊbÕhÊ>õ�ábÐÂÚ ÐÂÒ Ï[ÐÈÏ?Ñ&Ê>õ;ÐÂËhà�Ë&Õ+Ë�Ò öaÑ*Ï�Ë�à6Ó3î[Íà6Ó�Ò Ó[ábÐÂË&Õ6ÐÂÒ Ë�ÐÂË�÷?Ó[ÐÂË�ÝÈî�Ê>Ú Ú�ë�ø*Ï[Ò ÞlÞ�Ïªî�Ê>ùGÏ"Ö&Ë�à6Ó3Ô�ÊEÓ?Õ�Ê>õ;ÐÂÒ@Õ6Ò ÐDúIÐÂÒ Ú öaÑ�ÐÂË�Ý"Ê>Ñ�Ú@ûÒ Þ¤ØlÍÎ Ó[Ù;ÐÈÓDî`ÐÂùGÏ"ë�ÜzÐÂÒ5ØlÍÎ Ó[Ù;ÐÈÓ[Ë�ÞlÒ ÏrúIÐÂÒ Ú öaÑ�ÐÂË&Ê>à�ùGÏaÊ>à�ù´öaÑ�Ò ùGÏ�Õ6ÐÈÓ�÷�Ò õ�õ�ùGü�ý&Ê>Ì*Ï Î ÓlêGì"þ�ë ìEí�ÝÂà�ùGÏEÍÊ>Ë&Õ6Ò á6Ö�Õ6ÐÈÓDÒ ùGÏrÊ>Ú Ú ÐÈÓaÕ6Ò Ë�ábùrË�Ò öaÑ*Ï�ß�Ò ÐÂÚÊ>Ë&Õ6ÐÈÓ[ùÂÖ�Ò Ë
à�Ë�ù´ÐÈÓ[ÐÂÞ�ý&Ê>Ú Ú Ð�â ¼ ê-û�í5äiå æ&ç6ÿ ���bæ������ ë
	DÊ>ù�Ò ùGÏ�Õ6Ò Ð�ô�Ê>Ñ6Ó[ù´öaÑ�ÐÂÒ Ë�Ú Ò öaÑ�ÌPÐÂÒ Ï"Ö�û úIÐÂÒ Ú öaÑ�ÐÂË�Ò Þ��;à�ùGÏaÊ>Ë&Õ�hÝÂà��&Ë&Õ6ÐÂË@ë�	DÊ>ù
� ¼ Ò ùGÏ�ÐÂÒ Ë�ÐDáPÊ>Ë�Ý�Ê>Ë&Õ6ÐÈÓ[Ð�÷?ÓEÍÎ ×PÐbÖ;ËIÍÊ>ÞlÚ Ò öaÑ�Õ6Ò ÐrÞlÒ Ï´Ï[Ú ÐÈÓ[ÐrúIÐÂÒ Ú öaÑ�ÐÂË�Ý"Ê>Ñ�Ú��-û�� ¼���� � û
â ¼ ê-û�í�Ò Þ��;à�ùGÏaÊ>Ë&Õ�;ë�ÜzÐÂÒ Õ6ÐDÔ3ÐÈÓaÕ6ÐÂË�î[Íà6Ó
� ê�� ¼! �" í
#�ì±Ê>õ;ÐÈÓªÊ>Ë�ËIÍÊ>Ñ�ÐÈÓ[Ë&Õ�ábÚ ÐÂÒ öaÑ@ÖbÔ3ÐÂÒ Ú�Õ�Ê>Ë�Ë�Õ6ÐÈÓªÜzÐÂÒ Ï´ÓaÊ>á�ß Î Ë�û � ì�Õ Î ÞlÒ Ë�Ò ÐÈÓ´Ï5à�Ë&ÕrábÚ ÐÂÒ öaÑ�ÝÂÐÂÒ Ï[Ò árÕ6ÐÈÓ
$ Î Ó[ÞlÒ ÐÈÓ[à�Ë�ábù´Ë�ÐÂË�Ë�ÐÈÓÒ Ë�â ¼ ê-û�í3Ù6ÓaÊ>Ì*Ï[Ò ù´öaÑ�ìDÒ ùGÏ"ë



���������
	����	������� ���������� ���! �"$#� �%& �%�')(*%+#-,/.102"3'546(*%+#-,/.87:9<;=02%�>?/@BADC$E:FGAIH�JIK-FGEMLONQP!EM@SRSJIK&EML)T6@BFUK+H�RBC+VMH�K+RS@BW�EMTYX5Z�@SL)[\@SL]EM@SL&EMT^?`_a Acb�EMR3T6@BFDd&EMT^e*fgR a T�EMLihkj/l�m�nop@BErq a H�L-FGEML&VMH�K+RBEMLsd&E:Aut�@SL-FGEM@SRSJIK&EML&V a+v Fw_H�L+d&E v @SL+dyxyj{zI|x~}I�w�w�In��
@BE:Au@ v F]|xijQ�� |� d&E:A�?sEMRSRBEML-��E:�5FGf�A�T6@BFL+H�F�_a AIRS@SJIK&VMH�K+RS@BW�EMT |� jQz �3� } �3� } � �w� a L+d\�w�rd+@BE)X5Z�@SL+� a H�L-FGEML&VMH�K+R���d+@BE]d+@BE � [����rWgH�L&V:VMH�K+RS@BW�EML<?sE:AcFGE� [�} � [O����}:�:�:�!}�[�H�L+L&EMK+T�EMLO��H�L+L3n�op@BE�V a W�EMK!_f�AI@BW�EMLyt�L&E:AcWg@BEML v @SL+dO�w��jk�w�����5�5|x��M  ��¡ j¢�w��� |� �¤£
¥¦ f§£
¥�j©¨+�w �ª ¡ l���n«�¬8<¬¯®�° �~±³²´µL)d+@BE v EMT^¶!@ST6@BFU@ v FDd+H v
· H v b�_a ADH�RSRBEuop@SJIK-FGEML)EML-FcH�AcFGE:F:n�t v Wg@SRBF¸ ��jº¹ � b8H�RSR v �w��»�¼½ b8H�RSR v �w��¾�¼ zµ�M¿5n ªg�
¼�@ v F6@SLÀd+@BE v EMTÂÁ+H�RSRDd+@BE · AcEML&V:E)V ¦ @ v JIK&EML\C$E v E:FGV:FGEML a L+d a L-C$E v E:FGV:FGEML/Ã a+v Fw_H�L+d&EML a L+d ¦ @BAIdÀH a JIK�H�R vÁ&E:AIT6@BEML&E:AcWg@BEu�wÄ<C$E:V:EM@SJIK+L&E:F:nÁ
_a A a L v E:A · H v T6@BF
�w�6jk�w���Å�5�5|x��M  ��¡ C$EMd&E a FGE:F�d+H v �3H�RSRBE�Ã a+v Fw_H�L+d&E�T6@BF�ÆS|x!Æ�»kxgÄ v @SL+d)C$E v E:FGV:F:� ¦ f�C$EM@��xgÄ\j�Ç ��¡ �wÄ�d&E:A v f�W�EML+H�L+L-FGE�Á&E:AIT6@ÉÈ1´µT�Z a R v @ v F:n�op@BE�C$E v E:FGV:FGEMLsÃ a+v Fw_H�L+d&Eub�_a RSRBEML)@STÂ|x-ÈËÊ�H a T{H�R v f§EM@SL&EÌ a W�EMR2T6@BFUd&EMTÍÊ�H�d+@ a+v xgÄ���d+@BE v f�W�EML+H�L+L-FGE�Á&E:AIT6@ÉÈËÌ a W�EMR n?/@BE�W�Acf�Îr@ v FUd&E:A�Ê�H�d+@ a+v d&E:A�Á&E:AIT6@B� a W�EMR�ÏopH v K!_H�L&W�FD��fgL)d&E:A�P!EM@SRSJIK&EML+d+@SJIK-FGE � j/N§ �hºH�C2n�t v T a Î�W�EMRBFGEML

� j �hkÐ � ¸ �UÑ$Ò �j �h �ª]ÓwÔ ÕÖ Ô×ÀØ ��ÙÐ ÚÛ-Ü ÝËÞàß � [O�/�ªgh á$â ÚÛ â Ø ��Ù ��ã �ä � j � [)�/�ªgh ågæ¿Qç xgÄ�læéè m j � [)�/�� æ � x mÄ �
T6@BFcK+@SL xgÄêj ç � æ �� [)�/� � è

ë ã m b�fgRBWgRS@SJIK �wÄêj/�w��� �5��z � æ �� �z � [O�/�w�G�ì� ã m��¡ � � ã m zµ�M¿5n íg�
îpï¤ð¯ñ1ò~ð1ï¤ó$ô�ï:õ1ö�ó�óSï¤óSï�÷�õ8øGù�ú$ï¤ú~ûÁ
_a Ard+@BE v EO@ v F � ß � ½ �Gm:J:T]ü�m a L+dý[^jþ�w  � �d+H v Wg@BC+F��wÄ � �w� ß ª�E:e�n!ÿ�EM@�Ê�H a T�FGEMT�Z$E:AIH�ÈF a Ap@ v F�d+H v AI@BE v @BW6W�E:W�EMLyd+@BE�FcK&E:AIT6@ v JIK&E�t�L&E:AGÈWg@BE§x-° ß ½ � ½g��� E:e�n�opH�T6@BF v fgRSRBFGEMLsd+@BE��OE:FcH�RÉÈRBEMRBE:�5FGAcfgL&EML\H a JIKÀC$EM@�Ê�H a T�FGEMT�Z$E:AIH�F a A6L&f�JIKEM@SL&E6Á&E:AIT6@B� a W�EMR�C�@SRSd&EML3�$b8H�RSR v d+@BE v E6d a AIJIKsd+@BE?sEMJIK v EMR ¦ @BAc� a L&WuT6@BF*d&EML���FGfgT�Ag_a T�Z+b�EML6L+@SJIK-FV a\v EMK&A�V:E:AcC$E a RBF ¦ @BAId3nOop@BE���C+C�@SRSd a L&W]V:EM@BW�Fd+@BE�Á&E:AIT6@���_H�JIK&E���fgLsÌ a Z+b�E:Ap@ST |x-ÈËÊ�H a T n�X�@BE@ v FuFcH�F v _H�JIK+RS@SJIK<b8H v F�EM@SL&E§Ì a W�EMR�n)ÿ�EM@�H�L+d&E:AcEML
�OE:FcH�RSRBEML v @SL+d¢d+@BE<ÿ�E a RBEML¢W�A�_f�Î�E:AM��H�C$E:Ayd+H vb�_a K&AcFUK+@BE:AUV a ¦ EM@BF:n



���������
	����	������� ���
������������ ��"!$#&%('*)�+,�"!� ��"!-
.0/21436571&8:9<;=1&.?>71&@�A:.=BDC�.=B�1&.EA:F2/G@�H�F
IJH�FGKL1&AL1&.�@�8:A:9<;=1&.EM"1&N�OL143<HP/QC=3Q1&.R1&.0/QHP3Q/214/TSU�143G@=1WV�.�AX/QAXYD.=1&NZ571&.�.[571&F21&.0/Q8:A:9<;=1�>71&AX/23�\HPB�1�]&C=3�^JA:9<;0/21_H�C�FG`LC�F2/�\H�.�@=1&.[NaAX/�b�c�dfehgji0kml�YDNaN�1&.onqprAX3KL143Q1&9<;�.=1&.?H�8:F2Ya@�AX1�^JA:9<;0/21Rsut � n vDw<x yQz

{�| t}�~ cZ� c | t}�~ ��0� ��� t1W��O��Xs,b���d��{ zW�
� d�e�w2�Pi0kG�=�rt ��� ��� ���&��� ���������G�Q���  T�6¡:¢�<��£ �"¡ �u�¥¤2¦P§T� ¨��"©P�<ª4�� <¤�«T¬J[®
| ¯D° �rt} ~=�� t1W��O±�Xs4�{ z �
� �²b���d�e�w2�Pi0kG�=�rt ��������

³�´�µ ®Q¶<·�¸"¹»º4¼?£�¢��¤½�G�<ª4¤� T��ªW T��� ��¾�¿��q·oÀ$Áq�<��� �¢�<�P���¥¤��(��� ¾�¿����¥¤��&�����G�<�P�J§W�<��Â���¾�¿4Ão�<¾�¿���� ��ÄÅ ÀÆ ¡ �� ±�&������������¤�¾�¿�ÇÈ�4���u§<¤��<¡�¢��¨��¥¤7�u� ���u�[É�ª4���<��Ê���u���<����¤� 2Ë�� ��� �¥¤�¨P�Q¤2À Æ ¡ �� "�u� �7�<¾�¿4���u¡&���u��ÇÈ�4���u§<¤��<¡ �¢��¨��¥¤"���u�
§W�<��Âu�u�JÌ��<���JÀ| ¯D° �rtÍ } ÎÐÏ0Ñ { t1W��O±�Xs4�{ z �
� �²b���d�e�w2�Pi0kG�=�rt ���=Ò ��§T�u¡ ��¾�¿P�<¡ �����¥¤�Á�� ¾�ªW�6Ó Å �<¡ ��Ô$ T¡ �����u���u¡ �u���u�4�2¦�DÀ ¿0À�Ó&Õ ÅJÖR×TØ0Å ¸¥Ó Å À
| s ¯D° �jt�w¥Ù¯ } Î Ï { { z1W��OÚ�:s { z �
� �²b���d�e�w2�Pi0kG�=�rt �����

Û �u���ÜÇÈ�4���u§<¤��Q���  T����ÝT�Q¤�� �<¨�¡ �ßÞ Ö Å ¸ ³�´ ¶<º4¼����¤�¾�¿à�&��¨��,��� �������  T� ÅáÖãâ Þ�º4¼"¶ ³�´ ¦aÓ ÅáÖâ º4¼"¶QÞ ³�´ ¶T«| s ¯D° �jt�w¥Ùä*} å i0k�
��æ ÑQç z Îéè� ÏDê ë ê1W��O±� ê �rs,b���d�e�w2�Pi0kG�=�rtì���=í � �����¥��Âu�u�JÝW T� ³�´ ÖEî ¸ Ø ¸u¶T«Qïr§T� ¨��"�u�P��§�¢��¡ ��� §

{ð|j{"ñ½ò�ó ç z sÈô�w NaAX/öõ÷ø ÷ù
ô |ûúDü�ýuþc<ÿ{"ñ�| s ¯D° �rt�wWs��»i0k6� ¯ Ù��*zPw ÑQç zò�ó ç z sÈô�w | z� ��� è� ÏDê � �	�
��� � ü���� � ó

sut � n:t��0w
^JAX1���C�.=l*/QAXYD. ò ó ç z s,ô�wL;=1&A���/��=143<NaA����u.0/214B�3<H�8 s,@=143 �
3<@�.*C�.=BJt"! ¯ w<n {"ñ A:F2/o56AX1&@=143½@�AX1$#JC�H�.0/21&.%�'&�YD.=]41&.0/23<HP/QAXYD.)(@�AX1&FQNaH�8o@=1&F*�=143<NaAXBDH�F21&F4n y ÑI
1&AoB�14B�14KL1&.=143
^JA:9<;0/21 { C�.�@EM"1&N�OL143<HP/QC=3�k�A:F2/Úsut � n:t��0w�1&A:.=1±IJ8X1&A:9<;*C�.=B�]&C=36>71&F2/QA:NaN±C�.=B,+�YD.Eeqn�uNál�8:H�FQFQA:FQ9<;=1&. I
3Q1&.=]�-,H�8:8�b��_dje/. i0kßK�]45_néômgödÚt?A:F2/a@�AX1ht?A:N1061&.�.=143 @=1&F2�=143<NaA����u.0/214B�3<H�8:F2+�1433�.�H�9<;�8�\H�FQFQAXB�K$HP3&n7^JH�.�.?BDA:8X/ ò�ó ç z sÈô�w5476 �98 tPn;:
8:F2Y { |r{"ñ 6 ��8 {"ñ n7ph1&.�.ðH�8:F2Y @�AX1_M"1&A:8:9<;=1&.�@�A:9<;0/21�+�AX1&8l�8X1&A:.=143ÚH�8:F {"ñ A:F2/�(�F2YD8:8X/21 FQA:9<; @�H�F�IJH�FÚl�8:H�FQFQA:FQ9<;<+�143<;�H�8X/21&.on=�u. @=143±M�HP/ÚBDA:8X/Ú@�H�.�.hô | 8:._s { � {"ñ wJK�]45_ne | b����éi0kð8:._s { � {"ñ w>(=5�H�FGB�1&.�H�CfC�.�F2143Q1&N?-È3D\C�;=143Q1&.A@G1&FQC�8X/QHP/;-T\C=3G@�H�FGA:@=1&H�8X1±IJH�FG1&.0/QF2O�3<A:9<;0/4n^JH�NaAX/Glo\YD.�.=1&.R56AX3GH�C�9<;f@�AX1B:
C�F2BDH�.=BDF3-È3<HPB�1_KL1&H�.0/�57Y�3Q/21&.ox
C�A:.A�=143<NaAXBDH�F6A:F2/�1&.0/QHP3Q/214/�(�571&.�. { . {"ñh| s ¯D° �rt�w å �»i0k¯ Ù�� z æ ÑQç

zEDGF ;=YD;=1_^JA:9<;0/21&.F /QAX1�-È1ÚM"1&N�OL143<HP/QC=3Q1&. sut � n:t�t�w
�
\C=3G1&A:.=1_^JA:F2l�C�FQFQAXYD.R@=1&FGH�8:8XB�1&N�1&A:.=1&.A��H�8:8:F�3Q1&A:9<;0/6@�AX1Ú`�1&AX/G.�A:9<;0/�(�NaH�.RV�.�@=14/GFQAX1�]�n >
n$A:NH06YD8X/QA:.=Bf� v���n

I ¸ ÇÈ¾�¿6§T�u¿���Ã½� �2���¥¤����2ÝW T�6�<���u¦P����J����¥¤�K0�u���¥¤���� ��Á�� ¾�¿4��� Å ¡ � ��ª&�oÝW T�
���u�ML��P�<�4���u��Â2�<¿�¡ �u� Å ¤��u¾�¿4���L�Ú¢��¿��u¡  T�o���4���¥¤���¾�¿��u� ���u�ªT�<���0ÀI ÕQ�&� �6� �,�����»���u� ©P�<ª4�� <¤�«T¬� ®6§<¤Q¢ >JW�¥¤G�<¡ ���������¥¤��G£ ¤T¢��¿��¥¤��6Á��ONP��� ���  T�QPSR&À RUT�¦$ÃL�u� ¡o��� ¾�¿ ��� �u���
�<��£EV*�u� ¡ ¾�¿��u�a T¿����6� �����¥¤��©�¤��u� ¿��u� ����§<¤��T���(¨��uÂu T§�¦�Ã(¢�<¿�¤��u�P�GÃ½� ¤�¿�� �¥¤WV*�u� ¡ ¾�¿��u�
��� ��«T¬JR® í � ���,���u¡ ¡ ��¢ T§T¡ � ¾�¿�ªW�u� ���u�����u���&��� ���o¨��¥��¤��<¾�¿4���u�0À



���������
	����	������� ���
������� �����! #"!�!$%�!$�&('*)�&�$,+- .&0/1'*)�&�$�23��45��&6�!$�45��2879)���:;$���&� <�=4>)��?
@8A
B,C!DED#FHGJILKEMON�P#@QKERTSVU=MO@3WYXZC!M
NOA[K]\�KEC!D_^�C!DED]@a`�@QKEDEb[c%@Qd(MeK]NOf8@QdgP#@QK.h%@8AiNeK]@8jkMONO@Qd(l�d%@8Aem=K]@an6o�pq
C!r%s,NOs�c�tC!d%U=R�@Qdu@QKEd%@QM�@QdvNeCwAeNO@8NO@QdxSVU=MO@8m=C!MO@QM1P#@QKy D]@QKEd%@Qd�@Qd,h,DEKEb[c%@Qda`�@QR�s#@8A[CwNer%Ae@QdaKEMON�h,K]@�MOU!m!@Qd,C!d,d�WNO@xSVU=MO@3W5l�KEd,MONO@QKEd�W5z�U=d,h%@Qd,MeCwNeK]U=d.^{@QKEd|RLC y AeU=M y UwWs�KEMeb[c%@8A1`�@QKED}h%@QMgXZC!MO@QM~P�D]@QK]P,N~KER�X
A[r,d,h%fQr,MONeC!d,hn6o�MeK]NOf8@Qd.pJSV@ y C!d,dvNO@QMONO@QM�SV@QKEMOs�K]@QD�h,Cwj�tr%A�KEMON�h,C!Mq}@QDEKEr,R�W>�YMOU!NOU!sg�Qq}@!�,P#@QK.h%@QR�h,C!M�P�KEM�fQrg@QKEd%@8A y A[K�WNeKEMeb[c%@Qd�`�@QR�s#@8A[CwNer%A�F.��\!U=d�@8N5��C��0p �wz�h%@8A~B,C!DEDKEMON8p�?
@8AZ�
dvNO@QKED-h%@8A
B�DOtr,MeMeK]m y @QK]NiKER�X
A[r,d,h%fQr,MONeC!d,hn6o}\!@8A[c�tC!D]NVMeKEb[c*Mer%s,A[C��<r,KEh.�!@8A�c,CwN y @QKEd%@a��tC!c,K]m y @QK]N8p?ZK]@�SVU=MO@3W5l�KEd,MONO@QKEd�W5z�U=d,h%@Qd,MeCwNeK]U=d�tC!r%�!@8AeNiMeKEb[c*h%@QMYWc,C!D]P�KEd�@QKEd%@QR�h%A[C!MONeKEMeb[c%@Qd��
d,MONO@QK]m!@Qd�h%@QMa?Zr%A[b[c�W�<r,MeMO@QM�h,r%A[b[c�@QKEd%@1zaCws�KEDEDECwAe@~r,dvNO@8A[c,C!D]P�h%@8A y A[K]NeK�WMeb[c%@Qd(`�@QR�s#@8A[CwNer%A��kM8p��}P,P�KEDEh,r,d%m0�[p?ZK]@aSVU=MO@3W5l�KEd,MONO@QKEd�W5z�U=d,h%@Qd,MeCwNeK]U=d*@8Aem=K]P,NiMeKEb[c(KERT�}C!c,R�@Qd(r,d,MO@8Ae@8Ai`ic%@8U!A[K]@��}K]@�j�U=D]m!N8p��K]A�P#@8NOA[C!b[cvNO@Qd�XZC!MONO@QKEDEb[c%@Qd�RLK]N�m=C!d%f8fQC!c,DEK]m!@QR¡ 0s�KEd�¢Vp�B
tr%A�h,K]@1l�KEdvNO@QKEDEb[c%@Qd%fQr,MON6tC!d,h%@Lm=KED]N�h,C!M�m=D]@QKEb[c%@�}K]@ij�tr%A�h,K]@}B%@8A[RLK]U=d%@Qd.p��
DED]@iSV@8NOA[C!b[cvNer,d%m!@Qd1fQr%AVSV@8Ae@Qb[c,d0r,d%m�h%@8AV`�@QKEDEb[c%@Qd,h,KEb[cvNO@}MeKEd,h�@QK]m!@QdvNeDEKEb[c~C!r,b[c1h,K]@m=D]@QKEb[c%@Qd(£(P�KEM}C!r%j�h,C!M�C!d,h%@8Ae@�¤�U!Aef8@QKEb[c%@Qd�h%@8A�¥�KER§¦}@Qd,d%@8A�h%@8A
¤�@8AeNO@QKEDEr,d%m=MOjkr,d y NeK]U=d.p
�
DEMOU*R�tr%�!NO@�RLC!dh,K]@ZfQr��Y¥Q¨0pE¥8Iv�iC!d,C!D]U!m!@�B%U!A[R�@QD

©�ªx©�«�¬V¯®Y° ��±,� RLK]N ²³´ ³µ ± ª·¶=¸,¹Yº»[¼©�«�ª �_�=¢¾½�¥6�3��¿ÁÀvF}Âw�wÃ-Ä ° �¯Å ®Y°¬V¯®Y° ��±,� ª °Æ ÇaÈ�ÉoËÊ=Ì Æ ÍÎ_Ï�Ð�Ñ Í ¸,ÒeÓ]¸  �Y¥Q¨0pE¥Q�=�
P#@Qd0r%NOf8@Qd y tU=d,d%@Qd.pLB
tr%A y D]@QKEd%@�?ZKEb[cvNO@Qd ©�ÔÕ©�« y C!d,d�C!r,b[c9c,K]@8Aah,K]@(¥�KER�¦}@Qd,d%@8Aa�V@8m!m!@QDEC!MeMO@Qd��V@8A[h%@Qdr,d,h*@QM�@8Aem=K]P,NiMeKEb[c(d,CwN!tr%A[DEKEb[cgh%@8A�m=D]@QKEb[c%@ y DEC!MeMeKEMeb[c%@�X
Ae@Qd%f8jkC!DED#�}K]@ZP#@QK.h%@Qd(B%@8A[RLK]U=d%@Qd.pÖ�K]N���C!b[c,MO@Qd,h%@8A
?ZKEb[c%@ © MONO@QK]m!N}C!r,b[c(×��%�V@QKED ¬V¯®Y° ��±,��@QKEd%@aR�U=d%U!NOU=d(��C!b[c,MO@Qd,h%@aB,r,d y NeK]U=d(KEMON8p�
DED]@8A[h,KEd%m=MaKEMON�MeK]@1d,C!b[c�U!P#@Qd�P#@QMeb[c%A�tC!d y N8��MeK]@~@8AeAe@QKEb[cvN�P#@QK�I�h%@Qd9Ö�C�Ø%KERLC!D]�V@8AeNg�kM8puÙ �6Ú>�V <p���¥8I���B%U!A[R�@QD� �!Û �O�

¬V¯®Y° �kIv��ÜH�0Ý � ¥Q�0Ý �Y¥Q¨0pE¥Q¨=�
B
tr%A1s#U=MeK]NeK]\!@(±�h,K]\!@8Aem=K]@8AeN~h,C!M~�YdvNO@8m!A[C!D_�}h,K]@QMO@¾MeKEd,hÞCwP#@8A1C!r,b[cxs�cvß�MeK y C!DEKEMeb[cu\!@8AeP#U!NO@Qd.�i�V@QKEDi�V@8m!@Qd�h%@QM¤�U!Aef8@QKEb[c%@Qd,M}h%@8A�¥aKERT¦}@Qd,d%@8A}h%@8A}SVU=MO@8\!@8AeNO@QKEDEr,d%mLKERLR�@8A�m!@QD]NO@Qd¾R�r%�L×�àÞn6o�pz�U=d,MO@Qá0r%@Qd%f!^aSV@QK�m!@8m!@8P#@Qd%@8A�?ZKEb[cvNO@ © c,CwNaB%U!A[R�@QD}�Y¥Q¨0pE¥Q�=� y @QKEd%@LâVtU=Mer,d%m*j�tr%Aa`�@QR�s#@8A[CwNer%Ae@Qd y D]@QKEd%@8A�C!DEM@QKEd y A[K]NeKEMeb[c%@8A���@8AeN

F.� ª �wÃ-Ä °¿ ã ©�_�=¢¾½�¥6� ¬V¯®Y° �kIv�wä °e® Å Ý �Y¥Q¨0pE¥ � �
 �K]@�R�r%�~h%U!AeN�jkC!DEMeb[c(MO@QKEd.pâVtU=Mer,d%mLh%@QMi��tCwNeMO@QDEM8^SV@QKER tå}P#@8Aem=C!d%m�\!U=dgh%@8A
 �r,RLR�@
fQr%A��YdvNO@8m!A[CwNeK]U=d(KEMON�h%@8A}X
A[r,d,h,MOfQr,MONeC!d,h1n6o
A[C!r,MOm!@8jkC!DED]@Qd��kh%@8A��YdvNO@8m!A[C!d,hKER��YdvNO@8m!A[C!D��Y¥Q¨0pE¥Q�=�}\!@8A[Meb[cv�}KEd,h%@8Nij�tr%A Ì GæIv�[p}SV@QK�B%@8A[RLK]U=d%@Qd¾KEMON
h,C!MiU y �<�V@QKED�RLC�Ø%KERLC!D-@QKEd¾`�@QKEDEb[c%@Qd¾KEdh,K]@QMO@QR·�#r,MONeC!d,hLMeK]NOf8@Qd y C!d,d.�vh,C!M;m!@8m!@Qd1h,K]@�Ae@QMONeDEKEb[c%@Qd(¥8I ° Å}d,KEb[cvN�KEd,MVX
@8�}KEb[cvN;jOtC!DED]N8p�SV@QK�SVU=MOU=d%@Qd y tU=d,d%@QdjkC!MON}C!DED]@�`�@QKEDEb[c%@Qd(KERËX
A[r,d,h%fQr,MONeC!d,hgMeK]NOf8@Qd.�,KEc%Ae@Z¤�@8A[d,C!b[c,D5tC!MeMeK]m=r,d%mLKEMONih,C!d,d*@QKEdgB%@Qc,D]@8AQp



���������
	����	������� ���
���������! #"!$%�'&
()�*�*"!+%�*,.-/���*"*,.-.$0()�1���*,2"!$0(�3��*����$�+%45$%6!$%�87�9:$0;�<�(�������+%�*�>=?�@-.$0A�()��B�C�!9:$0(/A�$%6@-0D�EF��,GAH459*-
I�JKIML�NPO*QMRSIMT�NPO*Q ��45-VU IML�NPO*QGJXW/Y@Z\[]_^ $a`�b NdceO*Q�cgfahji [lk $%4mBmn)6!$%�o4m�p&
()�*�*"!+%�*,.-/���*"IMTqNPO*Q�JKI\r�s [dt?W NPO*Q k $%4mBmn)6!$%�o4m�o6\C<H6!$0(/$%��u:�*,.-qC���*"!$%�8D N?f%v D f � Q
EF45$�w�45A�$%�*,/n)6*�yxP-.$%��$%4m�!$%,F���yz{(/<H,.z�<�b|4m,/n)6!$%�}&F��,.$%,FA�$0A�$09:$%�!$0(#EF4mn)6@-.$ I �*�*" k $%��b:$0()�y-/�!(
~�"2C�!(/xP$%���*4mn)6@-;�<H�1�2<HBm�*��$%���y9|6\C���!A�$%�8D���45(�z8C<H�*�!$%����Bm,.<
A�$0-.(/<H,.-2"!$%��,.<�A�$%�*���*�@-.$%��-/6!$0()��<�"!���*����4m,/n)6!$%���\4m��$%,2�1���9:$%48����� JKI�J na<H�*,.-e9:$0-.()��n)6@-.$%�8D�w�,e4m,.-e,/4m�*�@;�<HBmBj7!"*�y9:$%4M����C��BmB5$�+%���*�@-.$0(),/n)6!$%4m"!$%�8��V�����\�������}�G�{���!�� \����¡ ~£¢¤~8¥EF45$�&FB5$%4mn)6{�*�!A IMTqNPO*Q�JKI 6*�y-�$%4m�!$���C<H,/�*�!A!7"*45$�4m�¦-/6!$0()��<�"!���*����4m,/n)6!$%���\4m��$%,�+%�!AHB5$%4mn)6N?f%v D f � Q B§C<H,.-07�¨�$%4mB!"!$0(�$0(),.-.$ k $0()�1¨�$0A�$%��"!$%,��4m�ª©«$%�*�!$0(e;�$0(),/n)6@¨«4m�*"!$0-0DGw�,�AH4mB5-e��Bm,.<

IMLeJ�¬®¯IMT�JKI x°C�!(�~£¢¤~8¥ N?f%v D f � Q
�¤��±P�{²§�������}�G�{���!�� \����¡ ~£³¤~8¥=?�´"*45$%,.$%�µ�*��BmB5$�AH4mB5- IMTqNPO*Q�¶·IMT�N¸¬@Q ³ I DE
$%,/6*��B59¹���! o"!$0(#º�$%45-.()�yA IML $%�*"*Bm4mn)6�,.$%4m�8DEF��,eA�$%6@-
4m�»�\4m��$%,
�1���¼�{�!(%7!¨�$%�*�o+%��½AHB5$%4mn)6 O � ¬ D�¾
Bm,.<
IML«JKI¿cÀIMT�N¸¬@QIMT�JKIMT�N¸¬@Q x°C�!(�~£³¤~8¥�Á N?f%v D fqÂ�Q

EF45$%,G4m,.-G4m��"!$%��º�4mBm"����*, ^ � h A�()��Ã�,/n)6�"*�y(/A�$%,.-.$%BmB5-0DÄ
�@-.$0()6*��B59�"!$0(8z{()45-/4m,/n)6!$%� k $%��b:$0()�y-/�!(8~8¥oBm45$0xP$0(/-8"!$0(�&
()�*�*"!+%�*,.-/���*"�Å L $%4m�!$%�F;�<H�Æ�2<HBm�*��$%�#�*�*�y9|6\C���!AH45A�$%�$%�*"*Bm4mn)6!$%�oº�$%45-.()�yA�+%�!( k $%4mBmn)6!$%�*"*4mn)6@-.$�DGEF��,«�!$%�*�@-e�����Çº�<H,.$a½§w�4m�*,.-.$%4m��½§È�<H�*"!$%�*,/�y-/45<H�8D



�����������
	��������
����������	 ���

����� �"!�#�$&%�'
(*)+'�,�-.����,�$

/ 021�34*5
6.798&5
6.:;6�<.=?>A@ 1 8CB 1 8�DE796+F+G
5
4*7H=;I J

KMLONQP.R�ST�U.VAT P.W X

XZY\[^]`_
[ VbadcbT.Vfe P T�gQghc [ Vjika&T _ cml�adcmn^o p
qsrutwv"xdy{z}|�~^�d�^����|��u���}xdy�������y��u�}xd��y{���u�}xE�Hr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r �
qsr q������������������A�Az}�u�A�&��y���r�rOr�r�r�rOr�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r �
qsr ���
zb��A���u����y{z}���d���dy��"v.y�|���y{z}�A���dz���y{��z}���*��r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r �
qsr ��v"xdy{z}|��u���}xdy���������������������y��u�}xs���d�Zr�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r  

p L Vbl{c [ V2ika&T _ cml�adcmnd¡O¢ Sa�V ]`[ a&g£l LOP.[ V W¤N£[sR?¥ V ] ¦
�srutw§d~�z}|����u��y{z}���d�¨t©rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r �
�sr q�ª�����y{z}���A������y«§d~�z}|����u��y{z}���d��y��¬rOr�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r 
�sr ��®�����~�z}�u���}xdy���������������������y��u�}xs���d�¯r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r 
�sr ��ª��E�\y��������d�����d°����u�}xE������y ����y��u�}xd��y{���u�}xE������z�~��{y�����y�r�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r ±

�sr �drut³²���~���xdy{z}|�y ���������������m������dy{z}���d�¨´hµ·¶¸�¹~������{r º»r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r ±
�sr �dr q¼ª����u�A�&�A���u���}xdy����������������m������dy{z}���d� rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r ±

�sr  ¾½¿��Az}|�y{ÀA�A�&�A�����m��A��y��¬r�rOr�r�r�rOr�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r Á
�sr ��Â y{zOÃÄ�Az}�d~��{Å ���}xdy«®Oz�y��u����z�~��{y{ÆÇr�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r t{È

ÉËÊ+Ì [^N c [ Vjika&T _ cml�adcmnd¡�Í N£Î U¤cbT P.W cbU [ V ]`¥*Ï.Ð.P a ]CN l Î U [ VjÑ�V ¥ n [ l�l [ K^X
�drutw§d~�z}|����u��y{z}���d� ��~��k���u������À»Ò�Ó����?�Ä���u��r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r t�q
�dr q¾²Ôz�z�y{��y{z}�����&�u�u���m��A�Õr�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r t�q
�dr ��®O~�����y�Ös�dy��d�{y��¨°×��dz��dy��Ø½H��z�À^���d������z}���Ùr�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r t¹�
�dr ��v"xdy{z}|�~^�d�^����|��u���}xdyOv.y�|���y{z}�A���dz�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r t¹�

ÚwLOP cmV ¥&_�N£[ a&g£l Ì [^N c [ V [ÛÊ T.l{cma P.Ï l W V S¥&Ü�[ K^Ú
 srutwÝ��E��z�~��&��y�Ös�����u�����A�����Þr�rOr�r�r�rOr�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r t� 
 sr q�Ý��E��z�~��&��y�Ös�����E�������A�����¬rOr�r�r�rOr�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r t �
 sr ��Ý��E��z�~��&��y��dy��"�u�dy�����y��k������y��"r�rOr�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r t �
 sr ���
z}�u�d�����¨�dy{z"ß+y{z}|�y�xdz}���d���dy{z"Ý��E��z�~��&��y�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r tm
 sr  �ª��E�\y��������d�dà\����y��u�}xd��y{���u�}xE������y����u�d�����d�árOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r t�Á
 sr � §���������|�y��E������z�y��u�A����~��»�dy{z�v"xdy{z}|�~^�d�^����|���Àâr�r�rOr�r�rOr�r�r�rOr�r�rOr�r�r�rOr�r�rOr�r�rOr�r t�Á



�����������
	��������
����������	 ���

�����! #"%$'&)(!*!+!,-$/.10�2%�! 43�&657 8+95:.1,-;1 <)=
�#>@?BA�C6CEDGF�DIH�CEDGF�J�KLDNMPORQ�SUTVS�WYXZ>I>[>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> \8?
�#> \^]EF�D�KLD_H�CEDGF�J�KLDI`aOcb�SUTVS�WYXd>I>I>[>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> \e\
�#> f^H�Chg�i6jekLl-KLD[mnORQ�Spo!S�WYXq>[>I>I>I>[>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> \e\
�#> rs]EF�D�KLD_H�Chg�i6jekLl-KLD_tuOcb�Spo!S�WYXv>I>[>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> \ef
�#> w^HVx8gyF�D�zujekLD�KLJeD�C6{�|}i6j%~1gyD�Cdg�iEDGF}zP�8�E�8C6jezuK@{�|}iEDGF����egyD�Chg�K@jekLDB>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> \ef

�#> w#>@?���D�{�|}i6kL��{�{yD�CED�{y�y�N�#�8{ygyD�z�K@z����j%F}zPDG�-je�d��D�K��e��C6{yg�jeChgyD�z��V��k@�6zPD�C�>I>I>[>I>I>[>I> \:r
�#> w#> \�JeD�{�|}i6kL��{�{yD�CED�{��#�8{ygyD�z�K@z����j%F}zPDG�-je�v��D�K��e��C6{yg�jeChgyD�z���F}�6|���>I>I>[>I>I>[>I>I>[>I> \:r

�e� ���e�9�����7�����%�h�
 '¡¢�
 6£h¤¦¥V§V¨
©
�)¤ª�R« ¬�

®°¯¢±�²  #0�2%��;1&-0�0� 8+! /³�*�0G57 8$' <6�
�h>@?°´µj%�#F��e¶��6{yg�jeC6�q>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> \e�
�h> \^´µKL�#F��e¶��6{yg7�jeC6�ED·>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> \e�
�h> f^H
F�F�D�K@|}ih�-j%F�DI´µKL�#F��e¶��6{yg7�jeC6�ED°>[>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> \��
�h> r¸�qjeiEF}{�|}iED�K@C6k@K@|}iE�eD�KLg¹D�K@CED�{�´µKL�#F��e¶��6{yg�jeC6�ED�{a>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> \��
�h> ws�#g�j%g�K@{yg�K@{�|}iED�{�H�C6{yD�z_�-kLDeºVzuKL�#F��e�%jeCE��C6K@{�|}iED_��D�{�jez_g�iED�KLg»>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> \e¼
�h> ��A�CE~1�eF}zuj%g�KL��C6{yD�ChgyF��el-KLD[D�K@CED�{¹´µj%�#F��e¶��6{yg�jeC6�ED�{½>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> \e¾
�h> ��´4�8�ED�k@kL~pjek@k�K@�ED�jekLD�{���je{½>I>I>I>[>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> \e¾

¿����! #"%$/.10�2%�! #"¢À4&9+957,6Á�5�Â_�Ã 8$'Ä
 #":,E5:Å!"¢ÆÈÇ[+957":&-Ä�.1 É-Ê
¼#>@?B�qjeiEF}{�|}iED�K@C6k@K@|}iE�eD�KLg¹D�K@CEDGF�Ë[��C8Ì-J��EF}j%g�KL��Cª>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> f%Í
¼#> \^H�ChgyF��el-KLD'>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> f8?
¼#> f^Î!D�zPl�DGF}j%g��EFÏ>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> fe\
¼#> rs��F}�6|��v�6C6�v|}iED�zuK@{�|}iED�{����egyD�Chg�K@jekV>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> f:r
¼#> ws��D�{yDGgy¶N�EDGF�H�ChgyF��el-KLDG¶��6C6jei6zPDÐ>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> f:r
¼#> �^Ñ��6�6KLg�KLÒ8KLg7�j%g¹�EDGF�H�ChgyF��el-KLDÓ>I>I>[>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> few

ÔÕÀ/Ö&-":Ä
 #"×.p$ÙØÚÖ,6"%$' ± ,6( É-�
¾#>@?°ÛÃ��kLgy¶�zujeC6C8ÜR�VDGF�gyD�K@k@�6CEJPÝ¹ÞNOcb[XZ>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> fe�
¾#> \^´µKLgygyD�kLßÃDGF�gyDeºÃËIjeCE��C6K@{�|}iED�{�H�C6{yD�z_�-kLD�>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> fe�
¾#> f^´µKLgyg�kLDGF�D_H�CEDGF�J�KLDNMPOcb�SUTVS�WYXà�ED�{�Ëa��eF�l�DGF}{¹K@z����j%F}zPDG�-je�s>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> f��
¾#> rsH�CEDGF�J�KLD�{�|}ihßàjeCE�8�6CEJ¢á¢MZ�ED�{�Ëa��eF�l�DGF}{¹K@z����j%F}zPDG�-je�d>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> f��
¾#> w^´µj%�#F���{y�e�el-K@{�|}iEDGF�Ëa��eF�l�DGF�K@zâ���j%F}zPDG�-je�)º�H�ChgyF��el-KLD[�6C6�×~1F�D�KLDIH�CEDGF�J�KLD_>I>I>[>I>I>[>I>I>[>I> fe¾
¾#> �^Ñ�ChßÃD�C6�6�6CEJEº
´4�8�ED�k@kL~pjek@k�K@�ED�jekLD�{���je{�K@Cv�ã��EF�~1D�k)ä�å�>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I> fe¾

=#ÊµÀ/Ö&-":Ä
 #"×.p+ÓØÚÖ,6"%$' ± ,6(¦Å�+!(ª�Ã 8.p;12%�! 8+!": #0� #"7æ9&9.1" ç�<
?GÍ8>@?Ó��F��eèe�%jeCE��C6K@{�|}iED�{�H�C6{yD�z_�-kLD�>I>[>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>I>[>I>I>[>I>I>[>I>érh\
êëê�ìUí�îëï�ð:ñ òUîëîëí�ó_ôöõ÷í�ø ó�ù#í�ø ñ ï�ð:í�ó%ú}û:îpü�ú}û:îëï�ð�ý¹ø ü!þ7í ÿ � ý¹ìUí��:û:ó:ì��



�����������
	��������
����������	 ���

����� �"!$#%�'&�(��')�*,+.-'#%/1032�+.-'#42�5�63#%03+.-')�#7!803+.-"9;:=<?>@2�2�#%�"!803ACB�(��')�2�)�#42�#79ED F"G
H�H.IJHLKNM�O@PJQSRUT@QSR;VXWTSYZO@[�\Z]ZM�[.^4_�Pa`UQ@\bRUcaM�PJdfeSR�Mhg�PJdfe7_iIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIkIjIml �
H�H.I niop[�\�\bM�Q7g�PaY�^%T@QSRU\bR�M�\bMh_bqrIjIjIjIkIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIkIjIml7s

�%tvuk63#%/w#%�"9E#v&�#4Ayxz03#%6{9E#%0|63+.-'#%�~}h�y('>��"9E#%�"9C-'#4��A.03# �SF
H�n4IJHL��Q4T@Q7_bMhYf\�dfeSM�PJOS��[.Y�^�M�Pa_ZPJOSM�Q7_�PJ\�dfeSMhY��'M�PJcJdfeSM�Q�IjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIkIjI �Cl
H�n4I n��"gNM�P��'M�PJcJdfeSM�QS^%cJ[�\�\bM�Q~���SMhYf��Pa`UQSM�QzT@Q@O�KN`U\b`UQSM�Q�IjIjIkIjIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIkIjI ���
H�n4I �i�'M�PJcJdfeSM�Q�`Ue@QSMk��M�dfe@\bM�cag�PaY�^%T@QSR�IjIkIjIjIkIjIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIkIjI ���

H�n4I �4IJH��SMhYf��Pa`UQSM�Q~���%cJ[._bMhYb����Mh_bMhYf��PJQ@[�Q7_bM,T@Q@O���[�T@cJP����
YfPJQSq�Pa��IkIjIjIkIjIjIjIkIjIjIkIjIjIkIjI � �
H�n4I �4I n�KN`U\b`UQSM�Q�IkIjIjIkIjIjIjIkIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIkIjI �U�

H�n4I l���[�\� k`UQSqhMh�@_ZOSM�\Z\bM�ca��\b_b^�`UQ@\�PJ\b_bM�Q7_bM�Qz�SM�cJOSM�\�IjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIkIjI � �

�4¡¢�y('>��"9E#%�')�>@2�# £�¤
H��4IJHL�SMhYf��P��NT@Q@O�KN`U\bMh¥�MhY�_bM�PJcJT@QSR¦IjIkIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIkIjI �.§
H��4I ni¨�Q7_�[.Y�_bMh_bM�\��SMhYf��PaRU[�\h�N�SMhYf��P��� jTSR�M�c©IjIjIkIjIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIkIjI � n
H��4I �i¨�Q7_�[.Y�_bMh_bM�\�KN`U\bMhRU[�\h��KN`U\bMª��¨�PJQ@\b_bM�PJQ%�� k`UQ@OSM�Q@\�[._�Pa`UQ«IjIkIjIjIjIkIjIjIkIjIjIjIkIjIjIkIjIjIkIjI � l


